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EXPERIMENTAL ASCITES 


Effects of Sodium Chloride and Protein Intake on Protein Metabolism 


of Dogs with Constricted Inferior Vena Cava 


F. W. McKEE, M.D., J. A. SCHILLING, M.D., G. H. TISHKOFF, B.S., and 
R. E. HYATT, A.B., Rochester, New York 


SCITES may be produced experimental- 
ly in dogs by constricting the in- 
ferior vena cava above the dia- 
phragm, with an aluminum band. 

The protein content and the amount of ascitic 
fluid formed in these animals may be pre- 
dictably influenced by the protein or sodium 
chloride intake. The fluid content of the peri- 
toneal cavity shares to a greater or lesser de- 
gree in the expansion and contraction of the 
interstitial fluid volume, though in an altered 
way when abnormal hydrostatic, osmotic, or 
permeability factors exist in the portal system. 
The removal of ascitic fluid is essentially an 
internal plasmapheresis in that it represents a 
removal of protein from the circulating plas- 
ma and tissue protein stores. Also the ascitic 
fluid protein may enter into the dynamic pro- 
tein equilibrium of the body. The purpose of 
this paper is to report further observations 
(47) on our experimental animals, to describe 
the surgical technique, and to review the 
pertinent literature. 

Ascites has been noted clinically for many 
centuries. The literature is replete with case 
reports and treatments of this symptom which 
has many causes. These causes may be listed 
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under several headings: cardiovascular, hepat- 
ic, renal, inflammatory, neoplastic, nutri- 
tional, and idiopathic. Bright in 18309, classi- 
fied the causes of ascites and effusions very 
completely with descriptive case reports. The 
lucid descriptions of Flint (28) in 1863, have 
hardly been surpassed in recent literature. In 
reviewing the reports of surgical and medical 
methods of treatment of ascites little may be 
found regarding the actual nature of thissymp- 
tom. Most of these reports are of historic in- 
terest only. Medically such drugs and methods 
as the mercurials, iodine, strychnine, quinine, 
adrenalin, camphor, pilocarpin, tobacco, digi- 
talis; intraperitoneal alcohol, ether, sclerosing 
agents, and claret; chloroform, African honey, 
oxygen, oil of copaiba, electrical stimulation, 
compression, decompression, etc. have been 
recorded with beneficial results. Little atten- 
tion was given to exact diagnoses and most of 
the cures reported were probably due to bed 
rest and improved nutrition. 

Surgically symptomatic relief from intract- 
able ascites of one cause or another has been 
attempted in various ways. Most frequently 
repeated paracenteses (29) have been carried 
out. Second, attempts have been made to 
devise a more permanent form of drainage of 
ascitic fluid from the peritoneal cavity: sub- 
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cutaneous buttons of rubber or glass into the 
peritoneal cavity (54, 63, 20, 42); a subcu- 
taneous tunnel of omentum (55); anastomosis 
of the peritoneum to the saphenous veins (5) 
or renal pelvis (27); the use of “lymphatic 
lined” tubes from silk sutures (62, 46); paraf- 
fined veins (4); cannulas to the external sur- 
face of the abdomen with a detachable cap 
(17); subcutaneous dermic fistulas (40); and 
finally resection of the parietal peritoneum 
(52) has been attempted. A third approach 
has been to attempt to improve the collateral 
circulation of the hypertensive portal system. 
Methods in this group include the Talma (62) 
Drummond-Morrison (23) omentopexy; anas- 
tomoses of sigmoidal to saphenous veins (3), 
splenic to renal veins (7), superior mesenteric 
to vena cava (14, 51), and finally the Eck 
fistula (24) used by Krestowsky, Rosenstein, 
and most recently by Whipple (65) and Blake- 
more (6). A fourth surgical method has been 
laparotomy in females with unexplained as- 
cites and excision of pelvic tumors if present 
(2). These cases of ascites associated with 
pelvic tumors comprise a small but very in- 
teresting group. When associated with a hy- 
drothorax both effusions may be cured by 
excision of the ovarian fibroma. This method 
was first described and reported by Cabot 
from the Massachusetts General Hospital in 
Boston though recently it has been empha- 
sized by Meigs and many others in the last 
decade. The etiological factors of this bizarre 
syndrome are unknown. Lastly splenectomy 
(65) or enterectomy (31) has been employed to 
reduce the quantity of portal blood flow to the 
liver in cases of portal obstruction where hem- 
atemesis rather than ascites often was the 
main symptom. It is not the purpose of this 
communication to discuss the merits and re- 
sults of the above various forms of therapy. 
These may be obtained in the above refer- 
ences and the following reviews (18, 36, 65). 

Experimental methods for production of 
ascites are few. Bollman (8) ligated the com- 
mon bile duct in dogs. Ascites regularly oc- 
curred and increased after a high protein diet. 
Massive saline infusions are known to increase 
the peritoneal fluid content in moderate 
amounts (19). Wangensteen mimicked ascites 
by introduction of tap water under pressure. 
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The most reliable method has been the con- 
striction of the inferior vena cava above the 
liver. This procedure was carried out in con- 
junction with other work by Whipple and 
Sperry (66) through a transthoracic approach 
by use of sutures to constrict the vena cava 
above the diaphragm. Bolton (10) constricted 
the pericardium around the right auricle by 
sutures and was able to cause ascites in cats. 
In later years (11, 12, 13) he used ligatures 
and metal bands around the vena cava above 
the liver. Zimmerman and Hillsman used an 
aluminum band successfully in 1930. Kersh- 
ner and associates, in 1946, in multiple stages 
ligated the inferior vena cava above the liver 
with ligatures. The mortality rate among their 
animals was prohibitive, however. Bollman 
(9) has recently employed cellophane bands 
above the liver around the inferior vena cava 
with production of ascites after an unpredict- 
able interval of fibrosis about the vessel. Be- 
low the liver, cellophane bands failed to pro- 
duce ascites, when placed around the portal 
vein. Ascites could be produced at a later date 
in these animals by constricting the vena cava 
above the liver. 

Ascitic fluid has also been investigated ex- 
tensively as a transudate under clinical and 
experimental conditions (33). This subject 
has been recently reviewed by Armstrong, 
Patek and his associates, Mankin and Lowell, 
Gibson, and Peters. Their experimental ob- 
servations indicated that the flow of water be- 
tween plasma and ascitic fluid was not entirely 
in accord with Starling’s original hypothesis. 
Ascitic fluid formation was not determined 
solely by the level of plasma oncotic pressure, 
i.e., plasma albumin. They suggested other 
factors, namely, changes in permeability in the 
portal vascular bed and in sodium chloride 
and water metabolism. The importance of 
the sodium ion in the production of edema is 
now generally recognized though it was first 
suggested by Herringham and Hadfield, in 
1905. The recent experimental work of Ralli, 
Farnsworth, Merrill, Luetscher and Hall (44), 
Eder and associates, and Fox, in addition to 
that of the aforementioned investigators, 
may be referred to for detailed discussions re- 
garding the mechanism of ascitic fluid forma- 
tion, the relation of the sodium ion, and the 
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Fig. 1. Anatomical relations of inferior vena cava in the chest showing site of con- 
stricting band. 


role of the underlying pathological process. 
Specific mention should be made of the experi- 
mental findings of Grindlay and his associates. 
They were able to demonstrate that there was 
a marked increase in hepatic lymph flow fol- 
lowing chronic obstruction of the inferior vena 
cava above the liver with cellophane bands. 
The liver lymphatics became greatly dilated 
and enlarged. The lymphatics of the spleen 
and mesentery were not engorged. Finally 
mention should be made of the use of ascitic 
fluid as a blood substitute (21, 22, 50). This is 
of interest particularly because of the simi- 
larity between the protein composition of as- 
citic fluid and plasma (43) (Fig. 2). 


METHODS 


Normal healthy dogs, averaging 8 to 10 
kilograms, were used in these experiments. 
The animals had been in the animal house un- 
der routine care a number of months before 
use and were fed a kennel diet of hospital 


scraps mixed with prepared dog food. The 
animals were free of distemper and any dis- 
cernible intestinal parasitic infestation. Prior 
to operation the animals were placed in meta- 
bolism cages in the laboratory and constantly 
observed. Here nitrogen balance studies were 
carried out: blood proteins, weight, fluid in- 
take and urine output were recorded in this 
control period. Fibrinogen levels and sodium 
chloride studies were made in some animals. 
The animals were fasted 24 hours before oper- 
ation, and then anesthetized with intravenous 
veterinarian nembutal. The initial dose av- 
eraged 65 milligrams per 2.4 kilograms of 
body weight or 1 grain per 5 pounds. The drug 
was injected slowly at first to determine any 
sensitivity, then fairly rapidly to within 1 
cubic centimeter or 65 milligrams of the re- 
quired dose. The remainder of the drug was 
then injected slowly depending on the ani- 
mal’s reaction. A lateral leg vein was usually 
used with the animal in a comfortable lying 
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position on the table and an assistant patting 
and talking to the animal. This has been very 
effective in allaying apprehension and reduces 
the amount of nembutal necessary. The ani- 
mal was then gently placed on his left side and 
the right chest was clipped and shaved. A 
continuous infusion of normal saline was 
started in one of the accessible hind leg veins. 
This served to maintain the animal’s fluid bal- 
ance during the operation and also to providea 
readily available route for repeated injections 
of small amounts of nembutal when necessary 
to support a satisfactory plane of surgical 
anesthesia. An intratracheal tube was then 
introduced and the balloon distended to make 
a closed system. A Foley catheter served very 
well for this purpose. The right chest was then 
cleansed with soap, water, alcohol, and zephy- 
ran, and draped. An incision was made over 
the 6th or 7th interspace from the costochon- 
dral junction of the ribs anteriorly to their 
posterior angle. The skin, subcutaneous tis- 
sue, and external fascia were divided. The 
latissimus dorsi was cut transversely. The in- 
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Fig. 2. Electrophoretic patterns of plasma, a, and ascitic fluid, b, protein of Dog 42-893 drawn on con- 
secutive days. 


terdigitations of the serratus anterior were 
separated and the intercostal muscles cut, 
with exposure of the pleura. At this point the 
intratracheal tube was connected to a positive, 
alternating oxygen pressure device of Gunk- 
ler. The pleura was incised and the lower lobes 
of the right lung allowed to collapse. A self- 
retaining retractor was inserted which gave 
adequate exposure without rib resection. They 
were gently moved upward and lateralward, 
covered with a moist sponge, and the inferior 
vena cava was exposed as it traversed the 
pleural cavity from right auricle to diaphragm. 
This is shown in Figure 1. The vein was easily 
freed from its pleural reflections and the phre- 
nic nerve, which was intimately associated 
with the vein, was readily dissected away. The 
diameter of the vein was accurately measured 
with a caliper and a malleable aluminum band 
I centimeter in width was placed around the 
inferior vena cava midway between the heart 
and diaphragm. The band was then constrict- 
ed in a circular fashion so that the resulting 
lumen of the vein was one-half of its origina] 
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diameter. The lobes of the lung were then re- 
placed and allowed to re-expand. The wound 
edges were approximated by two No. 2 chromic 
catgut sutures around the rib above and below 
the incision. The remaining layers were closed 
with continuous or interrupted No. ooo silk 
sutures. Interrupted No. oo plain catgut con- 
tinuous subcuticular suture was then placed in 
the dermis. If interrupted silk sutures are 
used for the skin instead, a jacket should be 
placed on the animal. Ordinarily, if the ani- 
mal can lick the wound, healing is better with- 
out a dressing or covering of any sort. Strict 
hemostasis and aseptic technique were ob- 
served throughout. When the pleura was 
completely closed, the positive pressure was 
discontinued, and the balloon of the intra- 
tracheal catheter released, allowing the dog to 
take over his own respirations. Due to the 
mobility of the dog’s mediastinum this was 
the only critical period in the anesthesia. How- 
ever, if care is taken at this stage to avoid a 
sucking wound and pneumothorax with col- 
lapse of the lung after re-expansion has been 
carried out, no difficulty will ensue. The ani- 
mal was then placed in his cage and observed. 
Recovery was usually prompt. Kennel diet 
and water were allowed ad libitum the next 
day. The animal was then given a rest period 
of observation of 3 weeks or more on a high 
protein, low salt diet until the wound was 
completely healed and all outward effects of 
the operation were over. Ascitic fluid ac- 
cumulation was detected within a few days in 
each of the dogs studied. 

Determination of blood total protein and 
albumin, ascitic fluid total protein and ni- 
trogen, and urinary nitrogen were made 
throughout the experiment at semi-weekly 
intervals, in order to study variations in 
the levels of the plasma and ascitic fluid 
protein constituents, and to establish the 
course of the nitrogen balance under the 
varied experimental conditions. The plasma 
and ascitic fluid total protein levels, to- 
gether with the amounts of protein and 
volume of ascitic fluid removed at each para- 
centesis are recorded in graphs (Figs. 4 and 5). 
Exact data concerning analytical methods, 
the albumin content of the plasma and ascitic 
fluid, hematocrit and fibrinogen levels, and 
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Fig. 3. Infra-red photograph showing collateral circula- 
tion of abdominal wall of dog 42-893. 


nitrogen balance variations, were presented in 
the previous report (47), and will be referred 
to in general terms only. 

The ascitic fluid was usually reddish with a 
specific gravity of 1.012—1.018, and a hema- 
tocrit of 1.0 to 0.2 per cent. The protein con- 
tent fluctuated considerably under the experi- 
mental conditions, an observation readily ap- 
parent from the graphs. Electrophoretic 
studies showed a striking similarity of plasma 
and ascitic fluid protein composition, and 
Figure 2 illustrates a pattern comparison of 
these two fluids drawn on consecutive days 
and represented in Figure 4 period 3-4 when 
the plasma protein level was 7.5 grams per 
cent, and the ascitic fluid protein 6.3 grams 
per cent respectively. We are indebted to Dr. 
Eric Alling for performing and interpreting 
the electrophoretic studies. 


EXPERIMENTAL OBSERVATIONS 


The 2 dogs described in this report followed 
similar postoperative courses. Accumulation 
of ascitic fluid began a few days postoperative- 
ly, and weekly paracenteses were carried out. 
In 1 dog on which the operation of vein con- 
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Fig. 4. Dog 42-893. Experimental course of plasma protein, ascitic fluid protein, and paracentesis 


volumes, and protein content. 


striction was performed to explore and antici- 
pate difficulties in technique, about 1 liter of 
clear yellow fluid was found in the peritoneal 
cavity when the animal was sacrificed under 
ether anesthesia 5 days later. 

Collateral circulation became evident in 4 
to 6 weeks following operation. This is par- 
ticularly evident in the female of the 2 dogs 
studied, since this animal had apparently had 
numerous offspring and had well developed 
mammary vessels. Figure 3 is an infra-red 
photograph illustrating this. 

During the postoperative recovery period it 
was noted that the plasma protein levels 
gradually diminished and the ascitic fluid 
steadily accumulated. At the time, the kennel 
diet was largely a mixture of vegetable matter 
and grains (wheat, rice, and potatoes), and 
though not analyzed was definitely on the low 
protein side. About 5 weeks after the opera- 
tion, the dog, 42-893, was placed on a high 
protein diet (period 1-4, graph I, Fig. 4) con- 
sisting of 200 grams of cooked soy bean meal, 
200 grams of cooked horsemeat, added vita- 
mins and ferric citrate solution, with a daily 
nitrogen intake of 13.6 grams. 

Graph I (Fig. 4) illustrates the sequence of 
events and the response to high and low pro- 
tein diets, with additions of sodium chloride 
and sodium-free seasoning, and intravenous 
plasma. 

On the high protein diet, the plasma protein 
level rose rapidly to its former level of over 7.0 





grams per cent, while the ascitic fluid increased 
in protein grams per cent, but diminished in 
amount to an astonishing degree. Instead of 
weekly paracenteses of 2500 to 3000 cubic 
centimeters of fluid, with amounts of protein 
up to 100 grams, weekly amounts of 400 to 500 
cubic centimeters with one exception were 
evacuated with only 25 grams of protein there- 
in. The dog was returned to kennel diet (peri- 
od 4-9, Fig. 4) after 4 weeks of high protein 
diet, and immediately the fluid began to ac- 
cumulate with concomitant fall in plasma 
protein levels. During this 5 week period, 6 
paracenteses were performed yielding 13,060 
cubic centimeters of fluid containing 475 
grams of protein (a weekly average of 95 
grams) while the animal’s plasma proteins fell 
to slightly below 5.0 grams per cent. During 
the following 4 week period on high protein 
regimen (period 9-13, Fig. 4) three para- 
centeses, yielding 1710 cubic centimeters of 
ascitic fluid containing 77.4 grams of protein, 
were performed and the dog’s plasma protein 
level rose to and remained above 7.0 grams 
per cent. 

In attempting to establish nitrogen balance 
studies, the dog was placed on a standard low 
protein diet with a known nitrogen content for 
4 weeks (periods 13-17, Fig. 4). This diet 
consisted of sucrose, lard, bone ash, vitamin 
supplements, with 30 grams of ground liver or 
horsemeat, and 600 milligrams of iron as ferric 
citrate. The nitrogen content was 1.5 grams 
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Fig. 5. Dog 40-37. Experimental course of plasma protein, ascitic fluid protein, and paracentesis 


volumes and protein content. 


daily. During the low protein interval, the 
plasma protein stabilized at slightly over 6 
grams per cent. Four paracenteses, which 
yielded 2905 cubic centimeters of ascitic fluid 
containing 128 grams of protein, were per- 
formed in this period, a decided contrast to the 
output of fluid and protein noted while the 
animal was on the kennel diet, also a low pro- 
tein regimen. Suspicion arose that factors 
other than protein intake were responsible for 
the fluid accumulation, or failure to accumu- 
late. One of these factors was presumed to be 
sodium chloride. 

Consequently, after a period of rest on a 
high protein diet (period 17-20, Fig. 4) and a 
period of exposure to low protein diet and 
stabilization of the plasma protein level at 
about 6 grams per cent (period 20-23. Fig. 4), 
an additional 6 grams of sodium chloride in 
capsule form were given daily for a 10 day 
period (period 23-24, Fig. 4). Immediately 
the ascitic fluid accumulation increased, fluid 
relatively poor in protein, while the plasma 
protein level dropped. During this period 
three paracenteses, yielding 5390 cubic centi- 
meters of ascitic fluid containing 110.5 grams 
of protein, were performed and the plasma 
protein levels fell to 4.0 grams per cent. These 


results compare favorably with findings noted 
in period 4-9 when the animal was on the 
kennel diet. 

In view of the remarkable change in both 
the circulating plasma protein levels, and the 
ascitic fluid production, brought about by the 
liberal addition of sodium chloride to the diet, 
it seemed pertinent to try a sodium free sea- 
soning agent as another means of checking the 
relation of the sodium ion to ascitic fluid pro- 
duction. For this purpose we used a sodium- 
free agent, the trade name for which is 
neocurtesal.' 

After a 3 week period of rest on the standard 
high protein diet (period 26-30, Fig. 4), and a 
maintenance period on the standard low pro- 
tein diet (period 30-32, Fig. 4), with stabiliza- 
tion of the plasma protein level at slightly 
under 6 grams per cent, the dog was given 6 
grams of sodium free seasoning agent in cap- 
sule form daily for a 10 day period (period 32- 
34, Fig. 4). The plasma protein level did not 
perceptibly change during this interval, and 
remained just under 6 grams per cent. There 
were no untoward or toxic effects of the drug; 


1The formula for the compound is potassium chloride 66.0 per 
cent, ammonium chloride 12.0 per cent, starch 17.0 per cent, 
potassium formate 3.0 per cent, calcium formate 1.0 per cent, and 
magnesium citrate 1.0 per cent. The compound has a saline taste. 











Fig. 6. Dog 40-37. Microscopic section of liver showing 
thickened capsule, dilated subcapsular lymphatics, and 
dilated blood sinusoids. 


the animal remained alert, active, and in good 
health with formation of only a small amount 
(670 c.c.) of ascitic fluid containing 20 grams of 
protein. 

Immediately following this 10 day period, 
the dog was continued for a 7 day period 
(period 34-35, Fig. 4) on the low protein diet, 
with 6 grams of sodium chloride replacing the 
6 grams of neocurtesal. Immediately the plas- 
ma protein level began to fall and fell steadily 
reaching 4.2 grams per cent at the end of the 
period. Increased amounts of ascitic fluid 
necessitated three paracenteses totalling 4250 
cubic centimeters and containing 60 grams of 
protein during this period. It is readily ap- 
parent that the sodium ion is an important 
factor in the ascitic fluid formation in this type 
of experimental animal. 

After a 3 week period of recovery on a high 
protein diet (period 34-37, Fig. 4) the animal 
was carried for an additional week on the 
horsemeat, but was given 6 grams of neo- 
curtesal daily in addition (period 38, Fig. 4). 
The protein level was maintained during this 
interval at slightly over 7 grams per cent, and 
only a small amount (450 c.c.) of ascitic fluid 
containing 18.8 grams of protein was formed. 
This provides further information about the 
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sodium-free seasoning agent, indicating a com- 
pletely neutral role in the fluid accumulating 
conditions of these experiments. 

Intravenous plasma as a method of main- 
taining the dog’s protein level was tried as a 
related experiment. About 350 cubic centi- 
meters of whole heparinized dog plasma with a 
protein content averaging about 22 grams 
were given daily for a 2 week period (period 
24-26, Fig. 4). Both plasma and ascitic fluid 
protein per cent rose, but the increased amount 
of ascitic fluid formation necessitated more 
frequent tappings. During the 2 week period 
3 paracenteses were performed, which yielded 
5810 cubic centimeters of ascitic fluid con- 
taining 232.6 grams of protein. Since during 
this period 306.4 grams of protein as plasma 
protein were administered, this represents a 
loss into the ascitic fluid equivalent to 75 
per cent of the injected protein. A second 
administration of plasma to the same dog for 
a similar period, which is not shown on the 
graph, resulted in a loss equivalent to 65 per 
cent of the injected protein, 197 grams of pro- 
tein being removed as ascites against 301 
grams administered as plasma protein. 

Throughout the experiments the urinary 
nitrogen kept pace with protein intake, and 
the nitrogen balance studies revealed a posi- 
tive balance when the animal was on a high 
protein diet and building plasma protein, and 
a negative nitrogen balance when the dog was 
on a low protein diet and the plasma protein 
was falling. 

A second dog, 40-37, a male, was surgically 
prepared in the same manner, though the band 
was not so tightly constricted. The responses 
to diet are illustrated in graph II, Figure s5, 
and are much the same as in the first dog with 
concomitant rises and falls in the plasma and 
ascitic fluid protein percentage levels. During 
the periods of high protein regimen, the plas- 
ma and ascitic fluid protein percentage rose, 
while both the amount and total protein con- 
tent of the ascitic fluid fell. The reverse is 
observed during periods of reduced protein 
intake. 

Intravenous plasma was also given to this 
animal with results similar to those observed 
in the first dog. During the 2 week period 
(period 14-16, Fig. 5) four paracenteses were 
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necessary, with 4830 cubic centimeters of as- 
citic fluid containing 245 grams of protein re- 
sulting. Plasma protein level rose from 4.7 
grams per cent to 6.7 grams per cent during 
the period of plasma infusion. The dog re- 
ceived 321 grams of protein as plasma protein 
during this 2 week span, so that the 245 grams 
of protein removed in the ascitic fluid rep- 
resent a loss equivalent to 76 per cent of the 
administered protein. During the period of 
plasma injection, the dogs were given 50 
grams of glucose together with a multiple vi- 
tamin mixture in 300 cubic centimeters of 
water by stomach tube as a dietary supple- 
ment. When the large accumulation of ascites 
was noted, it was not possible to exclude the 
additional amount of fluid given in the plasma 
plus the water by stomach tube as a cause for 
increased ascitic fluid formation. It was also 
noted that while the dogs were on the high 
sodium chloride regimen, the fluid intake quite 
naturally increased. To rule out increased 
fluid ingestion per se as a cause or even a 
contributing cause of ascitic fluid formation, 
the dog was given 800 cubic centimeters of 
water plus the previous dose of multiple vita- 
mins each day by stomach tube in addition to 
its normal desires and diet (period 19-20, Fig. 
5). There was no appreciable change: in the 
ascitic fluid accumulation and no change in 
the plasma protein level during a 1 week peri- 
od of forced fluid ingestion. 

The effects of liberal sodium chloride in 
conjunction with a high protein diet were also 
studied (period 20-22, Fig. 5). The animal 
was given 300 grams of horsemeat with the 
usual vitamin and iron supplements as a daily 
diet plus 1 gram of sodium chloride in capsule 
form six times a day. This experiment was 
continued for 2 weeks, during which period 
there was no appreciable rise in the plasma 
protein per cent. At the beginning of the ex- 
periment this plasma protein level stood 5.2 
grams per cent, and after 2 weeks with minor 
fluctuations it had fallen to 4.7 grams per cent 
in spite of the ample protein intake. There 
was a marked increase in the formation of 
ascitic fluid with large amounts of protein 
therein, and 5 paracenteses containing a total 
of 233 grams of protein were performed during 
the 2 week period, none of which yielded less 
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than 1200 cubic centimeters of fluid. Ap- 
parently the protein from the diet, which the 
animal was able to utilize, was washed out and 
transformed into ascitic protein as a result of 
the sodium chloride activity. 

Thus far we have described and demon- 
strated the effects of high and low protein 
diets, additional sodium chloride, fluid, and 
sodium-free seasoning agent, and plasma in- 
travenously on the protein metabolism of this 
type of experimental animal. The anatomical 
findings are also of interest.» 

The second dog, 40-37, was operated on 
initially with placement of the constricting 
band about the vena cava, on December 18, 
1946. A second operation was performed on 
January 7, 1948 with complete ligation and 
section of the vena cava. The animal re- 
sponded poorly from this second procedure 
and became increasingly inactive, succumbing 
13 days after operation. At autopsy approxi- 
mately 1500 cubic centimeters of ascitic fluid 
were found. Collateral vessels in the omen- 
tum were well developed, with adhesions and 
connections to the vessels of the peritoneal 
surfaces. Vessels in the mediastinum and 
throughout the pleural surfaces of the dia- 
phragm were likewise enlarged. Azygos veins 
were dilated. Numerous fibrous and fibrinous 
adhesions were present about the liver. The 
cause of death was determined to be acute 
pyloric ulceration with massive intestinal 
hemorrhage. 

The liver weighed 500 grams. There were 
numerous grayish areas of fibrosis in the cap- 
sule and both interlobar adhesions and ad- 
hesions to the diaphragm and surrounding 
structures were present. The parenchyma 
showed numerous nodular deformities. On 
section, the organ showed a subcapsular zone 
measuring about o.5 centimeter which was 
greatly congested. Numerous nodular areas 
of paler regenerating tissue intermingled with 
darker congested tissue were noted. The cen- 
tral areas were dilated and congested, and 
appeared dark red against a yellowish gray 
background. 

Histologically, the lobular structure was 
fairly well preserved. The subcapsular sinus- 
oids and lymphatics were greatly dilated and 
the sections appeared almost hemangiomatous 
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in places (Fig. 6). The subcapsular liver cells 
were large and pale and contained considerable 
glycogen. The remainder of the parenchyma 
showed numerous focal necroses and the portal 
vessels were greatly dilated in every case. 

The first dog, 42-893, is still alive and well, 
27 months after placement of the constricting 
band. Biopsy of the liver performed under 
nembutal anesthesia through a small ab- 
dominal incision on June 15, 1948, 22 months 
after placing the band, showed a similar mi- 
croscopic picture. 

Liver function does not seem to be seriously 
affected. Thymol turbidity tests were nega- 
tive. Bromsulfalein clearances showed 6 per 
cent retention in the first dog, 42-893, 9 
months following placement of the band, and 
a mere trace of retained dye 2 years after 
operation. The second dog, 40-37, showed a 7 
per cent retention 6 months after operation. 
Fibrinogen levels vary with the levels of other 
proteins. Blood chloride determinations fell 
within normal limits, and when the animal 
was on a diet with extra sodium chloride 
added, the ascitic fluid chlorides rose as the 
ascitic fluid proteins declined. 


DISCUSSION 


The marked influence of the sodium ion on 
the accumulation of ascitic fluid and hence on 
the protein metabolism of this type of experi- 
mental animal is indicated. This influence is 
supported actively, as well as passively, by 
the data presented in this report. The ad- 
ministration of 6 grams of sodium chloride 
daily with both high and low protein diets 
caused a depression of the plasma protein per 
cent levels and the accumulation of ascitic 
fluid containing much of the lost protein. The 
mere forcing of fluids in the absence of sodium 
chloride, the administration of sodium-free 
salt in amount equal to the sodium chloride 
dosage, the administration of diets low in 
sodium chloride, do not produce this effect. 
The administration of whole dog plasma, con- 
taining the normal amount of circulating sodi- 
um chloride does produce it, for while there is 
a rise in circulating plasma protein, there is 
also a great increase in ascitic fluid protein, 
equivalent to approximately 75 per cent of the 
injected plasma protein. This effect is similar 
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to that seen in humans with ascites who re- 
ceive whole plasma. The success of salt-poor 
or salt-free albumin in the treatment of human 
ascites may be attributed more to the paucity 
of sodium chloride in the solution than to the 
oncotic pressure of the protein. 

The effect of the high protein diet per se on 
the accumulation of ascitic fluid in these ani- 
mals is also noteworthy. The amount of asci- 
tic fluid produced is greatly decreased, even 
though the protein grams per cent therein may 
be raised. Thus by use of a high protein diet, 
with attention to the sodium intake, the sec- 
ond dog, 40-37, remained free of ascites for 5 
weeks (period 23-28, Fig. 5) and later for a 3 
month period not shown on the graph. 

The large protein output of the dogs by way 
of the ascitic fluid compares very favorably 
with the production of protein by standard 
hypoproteinemic dogs undergoing plasma- 
pheresis (38). These standard hypoproteine- 
mic animals may reach an output of 70 grams 
of new plasma protein per week in a to kilo- 
gram dog. The experimental ascitic dog by 
way of internal plasmapheresis may produce 
as high as 95 grams of new protein per week 
(period 4-9, Fig. 4). Even allowing for a carry 
over from the preceding high protein regimen, 
and the drop in the concentration of the cir- 
culating plasma proteins, we have at least a 
normal high plasma protein output by way of 
the removed ascitic fluid. This suggests that 
the vascular stasis has not seriously inter- 
fered with the ability of the hepatic epithelium 
to manufacture plasma protein. 

Recent literature reporting the findings in 
cirrhotics after albumin therapy and reviewed 
above (1), raises questions which disturb the 
validity of Starling’s hypothesis. The actual 
source of ascitic fluid is not known, but from 
the work of Grindlay and our own observa- 
tions (59), it is suggested that the liver is an 
important source. Experiments in banding 
and ligating the portal vein and vena cava be- 
low the liver fai! co produce ascites (9, 58). It 
seems logical to conclude that the ascitic fluid 
results from the stasis of blood in the liver 
sinusoids that dilate with transudation of pro- 
tein-containing fluid into the subcapsular 
lymphatics and ultimate accumulation in the 
peritoneal cavity (Fig. 6). 
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Additional work is needed, particularly ob- 
servations on human subjects, but there seems 
to be every indication that the salt free diet 
and high protein diet have a definite place in 
the treatment of the ascitic patient, even as in 
the edematous patient of cardiac and renal 
disease. 


SUMMARY AND CONCLUSIONS 


1. Ascites may be produced experimentally 
in dogs by constricting the inferior vena cava 
above the diaphragm to about one-half its 
original diameter, with an aluminum band. 

2. The transthoracic operative procedure is 
described in detail. 

3. Ascitic fluid begins to accumulate within 
a few days postoperatively, and the rate of 
formation and protein content are influenced 
by diet and sodium chloride intake. 

4. Sodium chloride, added daily to both 
high and low protein diets, causes a depres- 
sion in the circulating plasma protein per cent 
and increased accumulation of ascitic fluid. 
This ascitic fluid contains the equivalent of 
much of the lost protein from the circulating 
plasma. 

5. Administration of sodium free salts in 
amounts equal to the sodium chloride dosage 
and administration of diets low in sodium 
chloride produces no change in circulating 
plasma protein per cent and no significant 
variation in ascitic fluid production. 

6. Forcing fluids with a low sodium chloride 
intake produces no change in circulating plas- 
ma protein per cent and no significant varia- 
tion in ascitic fluid production. 

7. Administration of whole dog plasma 
intravenously causes a rise in circulating plas- 
ma protein per cent, but at the same time 
promotes a marked increase in ascitic fluid 
formation and its protein concentration. This 
increase in ascitic fluid protein content is 
equivalent to approximately 75 per cent of the 
injected protein. 

8. The weekly protein output of the experi- 
mental ascitic dog (80-95 grams) compares 


favorably with that of a standard hypopro- ' 


teinemic dog undergoing plasmapheresis (70 
grams). 

g. The question of the source of ascitic 
fluid is raised. 
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THE POSTPHLEBITIC LEG 


Results With Femoral Vein Interruption 


S. THOMAS GLASSER, M.D., F.A.C.S., New York, New York 


N view of the multiplicity of sequelae 
and the varied pathologic states that 
usually follow iliofemoral thrombophle- 
bitis, it is not surprising that more than 

one type of treatment becomes necessary. 
However, in our experience, the one essential 
in therapy is femoral vein interruption. The 
signs and symptoms as well as the physio- 
pathologic aspects of the postphlebitic leg 
have been well described in the literature (1-6, 
8-10, 12, 15-31). However, brief mention of 
the essential phases which led up to the 
sequelae will bear repetition for a better un- 
derstanding of the treatment with which this 
presentation is concerned. The history is fre- 
quently so typical, that the diagnosis is ob- 
vious. The pathologic changes and the signs 
and symptoms are in the main the conse- 
quences of sustained chronic venous insuffi- 
ciency. This is manifested by the following 
sequelae which vary in severity: edema, ec- 
zema, pruritis, pigmentation, pain, secondary 
varicosities, recurrent lymphangitis, indurated 
cellulitis, and ulcers. 

Our discussion pertains chiefly to femoral 
vein ligation as a therapeutic measure in the 
treatment of the late results of thrombophle- 
bitis—the postphlebitic leg. Femoral vein in- 
terruption as a method of treating these late 
sequelae, a method which would directly stop 
the venous back pressure, was suggested by 
Homans (17) in 1941. He stated that “‘ex- 
ploration of the femoral and iliac veins may be 
called for to correct peripheral vasospasm in 
the limb served by the diseased vein, to op- 
pose recurrence of attacks of femoroiliac 
thrombophlebitis and conceivably, once the 
femoral vein has suffered destruction of its 
valves by earlier attacks, to prevent backflow 
down the vein, the same purpose for which a 
varicose vein is divided at the groin. Obvi- 
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ously, the femoral system, once thrombosed, 
must suffer the loss of all its valves (there is 
rarely one in the external iliac vein and none 
above), so that when the body is erect, the 
venous return must take collateral, valved 
pathways. Blood must pour down a valveless 
vein, and it is therefor reasonable to assume 
that an old, sclerosed, and canalized femoral 
vein or external iliac vein is better divided.” 
In 1944, Buxton (8) and his co-workers pub- 
lished the first clinical report on the utiliza- 
tion of femoral vein ligation for the treatment 
of the postphlebitic state in 21 cases. The ma- 
jority of these cases consisted of chronic ul- 
cerations, but in some patients the major com- 
plaints referred to swelling, pain, and easy 
fatigue. In most of these cases the superficial 
varices had been ligated before femoral vein 
interruption was attempted. The authors 
were of the opinion that arteriosclerosis was a 
definite contraindication to femoral vein liga- 
tion and established 55 years as the age limit 
for this operation. The results were good in 
the ulcer cases but uncertain in the others. 
This series may be analyzed as follows: In 
16 of the 21 patients, improvement was defi- 
nite; 6 of the 21 developed superficial varicose 
veins following femoral vein ligation and these 
were ligated as they appeared; in 7 cases per- 
sistent or increased swelling followed opera- 
tion and of these, 4 were controlled by bed 
rest; in the 14 ulcer cases, all were improved— 
complete healing in 4, progressive healing in 
4, no change in 4, and in the remaining 3 cases 
operation was too recent to permit proper 
evaluation. The following year (1945), Bux- 
ton and Coller (7) published a supplemental 
report and added 3 cases to their original list. 
Their conclusions were essentially the same as 
previously reported, that the procedure, fem- 
oral vein ligation, was of value only in the 
presence of stasis ulcers. Linton, Hardy, and 
Irad (23) reported on 34 patients in 1947 in- 
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cluding a follow-up of 2 to 14 months. In addi- 
tion to femoral vein (superficial femoral) li- 
gation, interruption and stripping of the long 
and short saphenous veins were performed. 
The stripping procedure was extended down to 
the medial malleolus. At the time of opera- 
tion, venous pressures of both the superficial 
and deep veins were ascertained in order to 
determine whether or not simultaneous liga- 
tions were advisable or whether a two stage 
operation was to be selected. A marked in- 
crease in pressure in both veins precluded con- 
comitant ligations. The results were encour- 
aging enough for further clinical use of the 
method. Again, in 1948, these authors (24) 
published a supplemental report on 49 pa- 
tients with the same satisfactory results. They 
formulated a routine plan for the treatment 
of ulcer. The ulcer is given first consideration 
because femoral ligation performed in the 
presence of an infected ulcer (as most cases 
actually exist) is fraught with danger. Or- 
dinarily, the ulcer is healed before the fem- 
oral vein is interrupted except in the case of 
very large ulcers in which hospitalization is 
necessary for wet dressings and elevation fol- 
lowed by skin grafting. The femoral ligation 
is then performed 1o days later. Penicillin 
is given preoperatively and postoperatively. 
It is appreciated by most workers that bed 
rest with elevation frequently enables healing 
of the ulcer, the beneficial effects being di- 
rectly related to the control of the venous 
back pressure. In addition the infection is per- 
mitted to come under control. It is obvious 
that edema should be reduced or eliminated 
before definitive treatment is attempted. 
Again, it is also evident that edema must 
be initially prevented immediately postopera- 
tively to give every chance for “takes” with 
skin grafts. Any of the many suitable elastic 
leg supports may be utilized. Sclerosing 
agents for the superficial varices are generally 
supposed to be contraindicated because of the 
possible effect on the deep veins. However, 
it would seem plausible that the development 
of occasional new varicosities can readily be 
controlled by sclerosing therapy. An excep- 
tion to this is the presence of obvious tender 
superficial thrombotic phlebitis. In addition to 
clearing up the local infection, epidermophy- 
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tosis should also be treated since superim- 
posed secondary infection as well as allergic 
phenomena are common accompaniments. 
Potassium permanganate in 1:5000 dilution is 
of value for this complication. When bed rest 
is not possible and if the ulceration or the cel- 
lulitis or both are not marked, ambulatory 
treatment may also effect a temporary heal- 
ing. This treatment includes support by 
elastic bandage, ‘elastic stocking, elastic ad- 
hesive, gum rubber bandage, or Unna paste 
boot. A properly shaped rubber sponge di- 
rectly over the ulcer and under the elastic 
support is of real value. For the concomitant 
eczema or dermatitis, local applications con- 
sisting of bland ointments or lotions are salu- 
tary. Much time may be saved in cases of 
large indurated ulcers by excision and split 
skin grafts. When the induration is more ex- 
tensive and continuous for varied distances 
into the adjacent subcutaneous tissues, a 
Kondoleon or modification of this operation 
may be done in conjunction with a skin graft. 

DeTakats and Fowler (11) have experi- 
mented with the application of x-rays for their 
absorptive effect on periphlebitic infiltration 
and exudation. This method has not been 
evaluated to date. Allen, Barker, and Hines 
comment unfavorably on the use of both x- 
ray and ultraviolet for the postphlebitic leg. 

Another form of treatment which Wright 
claims to be of value is mecholyl iontophoresis 
applied three times weekly. The beneficial re- 
sults with this method are said to depend upon 
the vasodilatory effects. 

In the treatment of the secondary varicose 
veins, a safe general rule is to perform multiple 
superficial ligations whenever incompetency 
of the saphenous system can be demonstrated. 
As previously described, these varicosities are 
the outcome of increased venous back pressure 
which takes place when canalization of the 
deep veins occurs. However, secondary in- 
volvement of the superficial veins is not as 
generalized as might be expected. It would ap- 
pear to us that the involvement is equally 
likely to be “spotty” or segmental. To all in- 
tents and purposes, when primary varicose 
veins are present the edema which develops 
is the same as in the case of equally incompe- 
tent secondary varicosities. The presence of 














isolated dilated superficial veins needs no sur- 
gical intervention (ligation) unless a “blow- 
out” demonstrating incompetency of the local 
communicating vein is present. Although we 
have no figures to show the incidence of super- 
ficial vein inadequacy, we believe that the 
number of cases in this category is not as great 
as mentioned by Linton and others. Further- 
more, the technical difficulties encountered in 
the stripping of such veins and the morbidity 
which might be expected as a result of such 
a procedure presents a real problem. Not in- 
frequently, “intradermal” varicosities, es- 
pecially below the knee (uncommon in the 
thigh), are encountered. These veins are im- 
possible to strip. They can be removed only 
by excision in most cases, and if they are lo- 
cated in the vicinity of an ulcer or induration, 
the dangers of infection and nonhealing are 
real. Multiple properly placed ligations should 
be satisfactory. 

Another procedure which is part of our 
armamentarium is lumbar ganglion novocain 
block. This is of definite value whenever signs 
or symptoms of sympathetic nerve irritation 
are in evidence, e.g. clammy sweaty cool skin, 
diminished pedal pulse volume, and pain. Not 
infrequently, lumbar ganglionectomy is in- 
dicated when sympathetic block shows tem- 
porary improvement and a sustained effect 
is desirable and necessary. From the pro- 
phylactic viewpoint this procedure may be of 
additional value in the prevention of recur- 
rent attacks of thrombophlebitis. In the fur- 
ther care of the postphlebitic syndrome, the 
multiplicity of methods in treatment should 
also include the eradication of foci of infection, 
e.g. tonsils, teeth, etc. The direct relationship 
of these to recurrent inflammatory bouts in 
the extremities is more than likely. On occa- 
sion we have found sensory nerve block of 
value in relieving pain located in the vicinity 
of the internal malleolus. The less frequent 
ulcer with pain over the lateral malleolus can 
be treated by injection of the sural nerve, 
whereas blocking the long saphenous nerve 
will anesthetize the medial aspect of the ankle. 
This is a simple office procedure. 

A high percentage of postphlebitic legs are 
associated with flat feet. The weakened 
arches are attributed to the venous pathology. 
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Pressure on the plantar vessels follows and 
in addition initiates reflex vasospasm. A 
natural sequence of flat feet which contributes 
to venous stasis is atrophy of the leg muscles. 
Since the venous return is normally aided by 
the efficient action of muscle contraction, 
stasis is augmented when muscle atrophy is 
present. 

With all the foregoing, one must not forget 
that a proper general physical examination is 
essential to rule out contributory disease, such 
as blood dyscrasias (polycythemia), myxedema, 
cardiac and renal pathology, arteriosclerosis 
obliterans, intrathoracic or intra-abdominal 
malignancy. The conditions just enumerated 
may be of real etiologic significance in the 
causation or tendency to edema or venous 
thrombosis or both. Since the diagnosis of the 
postphlebitic syndrome is not always an easy 
one to make, differential diagnosis must neces- 
sarily take into consideration the possibilities 
previously mentioned. For instance, we are all 
familiar with the high incidence of deep vein 
thrombosis associated with malignancy. The 
neoplasm, whether intra-abdominal or intra- 
thoracic, may not be obvious and its presence 
discovered only during thorough routine ex- 
amination. Not infrequently this type of 
malignancy is the actual cause of recurring 
phlebitis. 

Concomitant lymphatic obstruction may be 
estimated from the information elicited in the 
history, the presence of a persistent brawny 
edema with thickened skin, and of even great- 
er significance, the observation that the edema 
decreases very slowly with elevation and bed 
rest as compared with the venous type of 
edema. 

The familiar phrase, “let us individualize 
our cases,” applies particularly to the subject 
of treatment of the postphlebitic leg. The 
discrepancies in published results lie in at- 
tempts to use one form of treatment exclu- 
sively for the postphlebitic syndrome. The 
varied pathology manifested by sequelae in 
different stages obviously requires varied ther- 
apeutic procedures or a combination of treat- 
ments. In order properly to evaluate any one 
form of treatment, similar stages in the dis- 
ease must be compared. To this end, a work- 
ing classification such as that given by Ho- 
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mans (18) is valuable. This author reported 
on 156 cases and divided them among 5 
groups. Individual treatments were referred 
to each group. In group 1 are those cases 
characterized by edema of the ankle and lower 
leg which swells somewhat during the day but 
disappears or diminishes overnight. The ex- 
tremity appears normal in all other respects. 
In group 2 which is the largest one, in addition 
to edema there is pigmentation, induration, 
ulceration, or combinations of these. In group 
3 the prominent feature is pain which appears 
early in the postphlebitic history. Vasomotor 
changes are often present. In group 4, with 
the least number of cases, marked venous con- 
gestion is prominent and distended superficial 
veins are seen. In group 5, of moderate fre- 
quency, the characteristic features are recur- 
rent thrombosis in both deep and superficial 
veins. These episodes are occasionally asso- 
ciated with nonfatal emboli. 

The preceding classification is valuable if 
one attempts to outline the various methods of 
treatment essential to each phase of the dis- 
ease. Although we have not adhered to this 
suggested outline, in essence, we have unin- 
tentionally allowed our treatment to follow 
such a prescribed pattern. Our extensive ex- 
perience with femoral vein ligations in the 
treatment of arteriosclerosis obliterans (13, 
14) and also with vein interruption of the in- 
ferior vena cava and iliacs as well as the fem- 
oral for phlebothrombosis has given us con- 
fidence in the technical management of this 
procedure. We feel that interruption of the 
femoral vein immediately distal to the pro- 
funda branch is a harmless procedure if per- 
formed by those who have had experience in 
vascular surgery. Arteriosclerosis and the age 
limit of 55 years have been mentioned as con- 
traindications to femoral vein ligation (7, 8). 
From our experience (13, 14), we cannot agree 
with this viewpoint. The poor or ineffectual 
results of femoral interruption in those cases 
of the postphlebitic leg in which ulcers were 
absent, as mentioned by Buxton (8) and his 
co-workers, is also contrary to our experience. 
We are unable and therefore make no attempt 
to explain some of the failures as noted in our 
statistics, first because of the frequent inac- 
curacy of a clear cut pathological picture, and 


secondly because an evaluation would be 
chiefly on the theoretical side. However, we 
do have an overall clinical picture and impres- 
sion as will be noted in a tabulation of our 
results later on. 

In view of the difficulty of follow-up exami- 
nations in many of our cases—particularly 
those from one of our hospitals where only the 
indigent are treated—it would be impossible 
and certainly inaccurate to attempt to esti- 
mate the individual values of the various 
methods used in the treatment of chronic 
thrombophlebitis. It is obvious that data re- 
garding a patient with a healed ulcer are of 
no value if further follow-up is not carried out 
after discharge from hospital. Statistical re- 
ports which fail to take this viewpoint are 
usually enthusiastic in their claims, thus the 
high percentage of “‘cures”’ with any one meth- 
od. We have therefore omitted from our eval- 
uation much unobtainable but desired and 
necessary information. However, the figures 
which we do have at hand are reasonably ac- 
curate, instructive, and informative. 

An analysis of g1 cases of thrombophlebitis 
in 71 patients is sufficiently comprehensive in 
only 40 cases in which follow-up was possible. 
Therefore the total number of cases will be in- 
cluded only wherever data are of value. 

In the 71 patients on whom the superficial 
femoral vein was interrupted immediately 
distal (below) to the profunda branch, 20 were 
bilateral, making a total of 91 limbs operated 
upon. The youngest patient was 28 years old 
(1 case); 5 patients ranged in age from 30 to 
35 years; 6 from 36 to 4o years; 20 from 40 to 
50 years; 24 from 50 to 59 years; 9 from 60 to 
70 years; 6 from 70 to 80 years. The sex inci- 
dence was 48 females, and 23 males, a ratio 
of more than 2 to 1. The origin of the primary 
thrombophlebitis was indefinite or vague in so 
many cases that a comparative percentage of 
incidence relative to either postpartum, post- 
operative, or postmedical source could not be 
ascertained. However, many of the patients 
could approximate the beginning of their “leg 
trouble” or “swelling.” In other words, a 
“swollen” leg was recalled but without any 
definite association to a specific illness in the 
past. A close approximation of the duration 
of the postphlebitic state revealed the short- 
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est interval at 3 years in 1 case; the longest at 
30 years in g cases. The greatest incidence 
was at 5, 10, and 20 years in 12, 16, and 15 
cases, respectively. In 18 cases, the time ele- 
ment was doubtful. This negative point in the 
history would make us conclude that the 
original thrombophlebitis was probably not 
of the phlegmasia alba dolens type but one in 
which swelling was moderate or slight or in 
which the symptomatology at the time was 
not pronounced. Not too long ago, there were 
many patients who for economic reasons 
could not afford to be idle and thus neglected 
a leg condition, particularly if the signs and 
symptoms were of minor degree. The high 
incidence of ulcer as a complication—58 cases 
—was noted in our series. The presence of 
other associated complications, such as in- 
durated cellulitis and eczema with or without 
ulcer, was also frequent. Of special interest 
is a compilation of surgical methods other than 
or in addition to femoral vein ligation as re- 
corded in our series. The ulcer was excised 
and split skin grafts used in 20 cases. This 
procedure was done prior to femoral inter- 
ruption in 8 instances and after in 12. The 
failure of “takes” when grafting preceded 
other measures was 6 out of 8 operations. The 
“takes” following femoral ligation were 10 
out of 12. These are significant findings, and 
tend to prove that successful skin grafting is 
unlikely unless venous stasis is relieved. 
Lumbar ganglionectomy (second and third 
lumbar) was employed for two reasons: (1) 
to overcome associated vasospastic phenom- 
ena, and (2) to improve the arterial blood 
flow and thus enhance healing of the ulcer. 
The first objective was attained with uniform 
success. The second (healing of the ulcer) ap- 
peared clinically to be of definite value. There 
were 8 cases in which lumbar ganglionectomy 
was indicated following femoral vein ligation. 
In these, sympathectomy greatly benefited 
the healing of ulcers which had been refractory 
to interruption of the femoral vein as well as 
to other measures. In the 24 cases in which 
sympathectomy was carried out preceding 
femoral ligation, the results were good in 12 
and without apparent improvement in 12. 
However, healing followed femoral vein liga- 
tions in the latter group. 
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Lumbar sympathetic blocks with novocain 
were utilized in 40 patients before the femoral 
vein was ligated. This procedure was of defi- 
nite value for the reduction of swelling in 21 
of the 40 cases. It succeeded where the edema 
was of the “soft”’ type and where evidence of 
lymphatic obstruction was not apparent. Its 
value for the relief of pain was definite, being 
successful in all but 12 cases. 

The necessity for saphenous vein ligation 
subsequent to femoral interruption was deemed 
advisable in only 12 cases of our series. Liga- 
tion of the superficial veins was always mul- 
tiple. This measure resulted in healing in 9 
of the 12 cases. In only 1 instance was con- 
comitant vein ligation employed, i.e. saphe- 
nous and femoral veins ligated in one stage. 
This was done because of an accidental injury 
to the saphenous vein which necessitated liga- 
tion of this vessel in addition to the scheduled 
femoral interruption. 

Sensory nerve block for allaying the pain of 
indurated cellulitis or ulceration was em- 
ployed 14 times with uniformly good results. 
The long saphenous nerve was injected in to 
limbs, the sural nerve in 3 legs, and the super- 
ficial peroneal nerve in 1 case. This procedure 
is of real value and should be employed more 
often than it has been in the past. 

There was no mortality in our series of 91 
ligations. The morbidity was negligible. Two 
infected wounds cleared up within 1 week. 
The only annoying symptom was pain along 
the distal course of the femoral vessels, par- 
ticularly over the inner aspect of the knee. 
This occurred in 9 cases and was usually ac- 
companied by a moderately elevated temper- 
ature lasting 3 to 7 days. The pain lasted 4 
days in 6 cases and to days in 3 cases. This 
complication is due to a spontaneous “aseptic” 
thrombosis which takes place in the femoral 
and popliteal veins following the operation. 
The mechanism is probably the same as oc- 
curs so frequently following simple ligations 
for primary varicose veins. Moderate post- 
operative edema was present in 12 cases. The 
swelling subsided in 1 week. In 2 cases, edema 
was marked. Of these, one cleared up in 12 
days while the other was improved on dis- 
charge from the hospital, the edema com- 
pletely subsiding after 6 months. There were 
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28 cases in which paresthesia over the inner 
aspect of the knee was present. This was due 
to the operative manipulation of the internal 
femoral cutaneous nerve or perhaps as a result 
of inflammation as part of the healing process. 
In nearly all instances, the paresthesia was 
either in the form of a partial localized skin 
anesthesia or an uneasy “awareness” in the 
skin overlying the inner aspect of the knee. 
The duration of the paresthesia was approxi- 
mately 7 to 10 days. 

Forty patients were examined in follow-up. 
Only 3 patients could be followed for 5 years 
and 3 for 4 years. The results were good in 
these few, only 1 of the 6 had a recurrence of 
the ulcer. In this instance, the possibility of 
trauma as the etiologic factor in the recurrence 
was probable but not certain—this patient’s 
mental status was below par. The relief of 
pain and cellulitis were also noteworthy find- 
ings. Edema was 1 plus in the case of the ulcer 
recurrence. Of the 8 cases in the 2 year follow- 
up the incidence of ulcer recurrence was 50 per 
cent. However, trauma was a definite factor 
in 3 of the 4 recurrences and also accounted, 
at least in part, for the 2 instances of indurated 


cellulitis. The greatest number of cases which . 


were rechecked were in the 1 and 2 year groups 
—22 cases. Here again, trauma accounted for 
3 of the 6 recurrences of ulcer. In the remain- 
ing 4 patients who were examined in 6 months, 
no ulcers had recurred. The salutary effects 
of femoral vein ligation on eczema were ob- 
vious in our series. The presence of epidermo- 
phytosis was the most prominent cause for re- 
fractory behavior and response of the eczema. 


SUMMARY 


1. A description of the postphlebitic syn- 
drome, the sequelae of iliofemoral thrombo- 
phlebitis, is reviewed. 

2. The physiology and pathology are de- 
scribed in detail to explain the varied pictures 
of these sequelae. 

3. The treatment is not always simple. 
Multiple procedures may be necessary for 
satisfactory results. The various surgical 
measures are enumerated. 

4. Satisfactory results are noted in our 
follow-up of 40 cases. 
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5. The operation of femoral vein ligation 
has not been attended by any mortality in our 
series. The morbidity is only slight. 

6. The importance of femoral vein ligation 
immediately distal to the profunda branch 
as it is applied to our 91 ligations, is em 
phasized. 

7. Femoral vein ligation is the one thera- 
peutic measure which is essential in the treat- 
ment of the postphlebitic state. 
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THE MODERN SURGERIES OF THE PROSTATE 


CLYDE L. DEMING, M.D., F.A.C.S., New Haven, Connecticut 


HE pendulum of opinion has swung 

from one method of prostatic surgery 

to another several times within the 

memory of present-day surgeons, and 
popular medicine has wavered in its advocacy 
of the various methods of prostatic surgery, 
first urging one method and then another. For 
50 years perineal prostatic surgery has been 
strongly advocated in this country, and the 
suprapubic approach has an even longer herit- 
age in the field of surgery. Transurethral re- 
moval of sufficient prostatic tissue to allow 
micturition has had a 30 year active tenure, 
and many modern surgeons still have faith in 
its application for all forms of prostatic and 
bladder neck obstructions. So much has been 
published in lay periodicals concerning trans- 
urethral “surgery” that patients knowing 
nothing about prostatic obstruction, its cause, 
its development, its pathology, its surgical 
morbidity or its mortality, now come to the 
surgeon requesting him to operate by the 
transurethral route. Recently, the retropubic 
approach, an old procedure, has been revived, 
with many surgeons as advocates. Proponents 
of the various methods of prostatic surgery 
have not only been successful in clinical prac- 
tice but have also succeeded as teachers in 
medical schools in propounding their chosen 
method of prostatic surgery as the superior 
method for the treatment of all prostatic ob- 
structions. Is there any gyrdscope to indicate 
what the modern surgery or surgeries of the 
prostate are today? This question can be par- 
tially answered by the interjection of another 
question which sounds distinctly modern: 
Why are so many young prospective urologi- 
cal surgeons applying for positions where they 
can obtain training in all methods of prostatic 
surgery? All of these men have, or plan to 
have, a broad training in the basic sciences of 
physiology, bacteriology, pathology and tumor 
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growth, and lastly surgery. Needless to say, 
most of the general surgeons of today foresee 
the necessity for such a broad basis of surgical 
training. The fact that these young men seek 
a broad training in prostatic surgery implies 
that there must be a certain amount of logic 
which can be applied to prostatic surgery and 
furthermore it carries a real significance and 
imposes an actual teaching responsibility on 
our medical schools. 

Surgery of the prostate depends on many 
factors, such as the character of the obstruc- 
tion, infection and allied complications. Is the 
tumor large or small; is it composed of one, 
two, or three lobes, and do they grow intra- 
vesically or extravesically; is there infection of 
the bladder, prostate, epididymis and kidney; 
is the infection responsive or resistant to the 
antibiotics, or is the patient allergic to the 
antibiotics? Too little has been said and writ- 
ten as to the character of the growth of the 
prostatic tumor causing the obstruction. The 
size of the tumor gives no indication as to the 
amount of obstruction or the volume of re- 
tention of urine; the author has had physi- 
cians as patients who had minimal urinary 
symptoms and who were unaware that they 
carried 1600 cubic centimeters of residual 
urine. Some prostatic enlargements are due 
to prostatic calculi, benign cysts, and abscesses, 
while others are of a malignant nature, and 
the differential diagnosis must be made. All 
too frequent are the bladder complications: 
diverticula which do not empty are associated 
with prostatic obstruction in 8 per cent of 
patients; calculi, in 20 per cent; carcinoma, in 
2 per cent; and papillomas, in 9 per cent. Re- 
nal calculi are present in 5 per cent; ureteral 
calculi, in 5 per cent; and renal cancers, in 
about 2 per cent. Urethral strictures occur 
not infrequently and give preoperative and 
postoperative concern. Renal function is 
often seriously impaired due to back pres- 
sure and infection in patients with retention 
of urine. In the very old patients cardiac and 
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vascular diseases demand consideration in the 
choice of the surgical method which can best 
be applied. Neurogenic lesions caused by 
spinal cord trauma and cerebral vascular acci- 
dents influence the selection of the proper sur- 
gical technique and the postoperative course 
of the patient as well as the results. Not a few 
patients with prostatic obstruction have dia- 
betes mellitus complicating the picture. A 
diabetic patient is not more difficult to operate 
upon, but he is almost sure either to have or 
to develop a staphylococcus infection, even 
though he does not have such an infection 
from the start. To carry such a patient 
through a surgical procedure and obtain a 
complete healing of the wound without pro- 
ducing an allergy to the various antibiotics is 
a feat not to be belittled, as residual infection 
in the acini of the prostate and renal tissue is 
a hazard for serious consideration. The pros- 
tatic surgeon, no matter what method he 
uses, is always confronted with the necessity 
of clearing the genitourinary tract of infection, 
and his duties have not been fully discharged 
until the infection is controlled. To combat 
the infection may be a more formidable pro- 
cedure than the actual surgical removal of the 
obstruction, and its importance should in no 
way be minimized. In fact, pre-existing infec- 
tion and unavoidable postoperative infection 
are of such paramount importance that the 
selection of the surgical procedure is involved. 

It must be evident that so many different 
types of prostatic obstruction and their pos- 
sible complications cannot be adequately 
treated with a single surgical method. Sur- 
geons who advocate one prostatic operation 
for all kinds of prostatic obstructions and 
pathologic conditions exemplify their igno- 
rance of the fundamental factors involved and 
their personal limitations in the performance 
of prostatic surgery. ‘“Modern surgery of the 
prostate” cannot be written in the singular but 
must be stated “modern surgeries of the pros- 
tate,” because no one method will suffice to 
give satisfactory results for all prostatic ob- 
structions. The present-day question is not: 
by which method will the patient have his 
prostatic obstruction removed; but, by which 
of the methods available will his prostatic 
obstruction best be removed, in the possible 


presence of renal and vascular diseases, his 
physiology of micturition and sex function, if it 
persists, be preserved and will he be able to be 
discharged from the hospital as cured with the 
urinary tract cleared of its infection? The 
purpose of this paper is not to condemn any 
particular prostatic surgical technique but to 
clarify the uses of the four methods of surgery 
of the prostate and give the indications for 
their application with the understanding that 
all four procedures must be classed as ‘‘mod- 
ern” surgeries and must be judiciously applied 
if good results are to be obtained in all patients 
no matter what pathologic conditions or com- 
plications are present. 

Without exception, the surgeries of the pros- 
tate, with their preoperative and postoperative 
complications, present a formidable program 
of treatment. Scientifically and in the minds 
of most patients only one result is anticipated 
in surgery and that is a good result. A good 
result may be defined and interpreted vari- 
ously by the surgeon, but in the mind of the 
urological surgeon it means a complete re- 
moval of the obstruction, relief of the patient’s 
symptoms, a restoration of all physiological 
functions, correction of complications and, 
lastly, a complete control of the infection of 
the genitourinary tract. For a patient to be 
operable by any technique with a good prog- 
nosis, as here defined, he must meet the follow- 
ing requirements: He must be ambulatory; he 
must have normal vital signs, a nonprotein 
nitrogen below 50 milligrams per cent, a stable 
phthalein with 10 minute appearance time, 
and a cardiovascular system which will toler- 
ate the most inert local or general anesthetic. 
Specifically the application of the modern sur- 
geries of the prostate is as follows: The supra- 
pubic approach in one, two, or three stages is 
advised in patients who have large, benign 
intravesical prostatic growths; large growths 
associated with neurological lesions or com- 
plicated by large bladder calculi; a diverticu- 
lum of the bladder which does not empty, 
papillomas of the bladder or cancer of the 
bladder; and in patients who have required 
prolonged bladder drainage because of cardio- 
vascular and renal disease, general debilita- 
tion or a bankrupt gastrointestinal system. 
The suprapubic approach is contraindicated 

















when there is contracture of the bladder neck; 
if the lateral lobes are small, fibrotic, and in- 
traurethral; or if general calcinosis of the pros- 
tate or cancer of the prostate are present. 
Either the surgeon cannot gain his objective 
of complete removal of the obstruction by this 
route, or he tears the bladder neck so that 
incontinence of urine results. The perineal 
approach is recommended for all patients with 
a benign growth when the tumor is largely 
extravesical, and there are no bladder com- 
plications; for biopsy of the prostate, when 
cancer is suspected ; and for total or radical re- 
moval of the prostate for cancer, prostatic 
cyst, prostatic stones and prostatic abscesses 
and anastomosis of a ruptured prostatic ure- 
thra. Transurethral resection is applied in 
those cases with small benign overgrowths, 
contracture of the bladder neck, median bar, 
neurogenic lesions involving the upper motor 
neuron resulting in spastic bladder necks with 
obstruction and in a few cases of inoperable 
cancer of the prostate when the diagnosis is 
certain. There is a 33 per cent error in obtain- 
ing tissue for microscopic diagnosis by means 
of the resectoscope, which means that one- 
third of the cancers will be missed. The retro- 
pubic removal of benign prostatic overgrowth 
is mainly indicated in patients who have a 
fairly large tumor and who previously have 
had radical excision of the rectum for cancer 
or when there is extensive scarring of the 
perineal tissues 

Each operation has its limits of efficiency 
for removal of tumor tissue, preservation of 
sphincter muscles, and the prevention of per- 
manent infection. It seems unwise to do a 
perineal prostatectomy on a large intravesical 
prostate, dragging the large tumor down 
through the internal sphincter, and likewise 
vice versa to do a suprapubic removal of a 
large extravesical prostatic tumor. The large 
tumors are difficult to remove completely by 
transurethral resection, and unless all the 
overgrowth is excised a long period of infection 
of the urinary tracts or a permanent pros- 
tatitis and seminal vesiculitis result. The 
period of hospitalization for a single stage 
operative procedure without complication, 
whether suprapubic, perineal, retropubic, or 
transurethral, is about the same, 7 to 11 days. 
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The urinary tract infection should not persist 
after the operative field is healed. If the oper- 
ative procedure is correctly applied in each 
case the mortality will be the same in all 
methods. 

For lesions suspected of cancer, the perineal 
route offers the surgeon the easiest technical 
approach. A perineal biopsy proving cancer 
allows the surgeon to proceed with palliative 
or radical surgery. A needle biopsy is not rec- 
ommended by most pathologists as producing 
adequate tissue for diagnosis; many times the 
pathologist has a difficult enough task in mak- 
ing a histological diagnosis from a real surgical 
biopsy specimen. Surgeons performing only 
suprapubic enucleation or only transurethral 
resections can never give patients suffering 
from cancer of the prostate adequate treat- 
ment from the standpoint of diagnosis, com- 
plete excision, and curability of the lesion. 
The suprapubic approach and transurethral 
resection do not lend themselves to obtaining 
biopsies of the posterior lobe, where 75 per 
cent of cancers of the prostate begin. Although 
Millin, the staunch advocate of the retropubic 
approach, states that cancer of the prostate 
can be removed by this technique, it is obvious 
to the surgeon who is prepared to perform all 
kinds of prostatic operations that the retro- 
pubic route is not the best anatomical ap- 
proach for the excision of such a lesion. Any 
urological service or medical school which 
does not teach perineal prostatic surgery is 
not fully conscious of the oncological problems 
of today. One male out of every seven can 
expect to have cancer of the prostate at the 
age of 70 years or before unless he has been 
castrated in early life or some scientist answers 
the question as to the cause of cancer and 
gives a more propitious future. Hormonal 
treatment is not a cure for prostatic cancer. 
The only known control of cancer of the pros- 
tate at the present time is the judicious use 
of the scalpel in the perineum. The fear of 
rectal fistula and urinary incontinence is obso- 
lete and does not belong to the modern sur- 
geries of the prostate. Rarely do such com- 
plications arise in a surgeon’s experience, and 
if they do they are readily controlled with but 
little prolongation of the patient’s hospitaliza- 
tion. The bold procedure of transplanting 
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both ureters into the sigmoid for cancer of the 
bladder and at the same time removing the 
bladder, prostate, and seminal vesicles, has 
sound principles when we have at our com- 
mand urinary and bowel antiseptics, blood 
electrolyte control, and protein balance and 
vascular support. 


SUMMARY AND CONCLUSION 


One hundred patients with prostatism were 
admitted to this hospital between 1878 and 
1908. The majority of them were treated with 
catheter drainage; 20 were operated upon, 10 
suprapubically and 7 perineally, and 3 had 
castrations, although at that time no differ- 
entiation was made between benign and malig- 
nant lesions of the prostate. Although an en- 
largement of the prostate was recorded at the 
time the bladder was opened suprapubically, 
no attempt was made to remove it except in 1 
case, in which the patient died. The surgeon’s 
eyes were focused upon the bladder calculi. 
The mortality was appalling, being 45 per cent 
for all patients admitted. During the years 
1910 to 1920 the mortality rate in this institu- 
tion for prostatic surgical patients was 39 per 
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cent. For the past 6 months, 100 patients 
with prostatic disease have been admitted 
with a mortality of 2 per cent, and those 2 
deaths occurred in patients admitted in the 
last stages of cancer of the prostate. All types 
of prostatic operations have been done by 
various members of the urological staff. For 
the benign overgrowths, 60 per cent were done 
perineally, 20 per cent suprapubically, 15 per 
cent, transurethrally, and 5 per cent, retro- 
pubically; for the carcinomas, perineal biop- 
sies, total and radical prostatectomies, as well 
as conservative perineal excision for relief of 
obstruction when residual urine was present. 

There is hardly an organ of the human body 
which presents as many opportunities for sur- 
gery as the prostate. The different ways in 
which the benign tumor grows, the tendency 
for frequent cancer development, and the 
associated complications involving the blad- 
der and kidney and cardiovascular system all 
demand surgical consideration. In order to 
obtain the best results in every case, all the 
operative procedures have their place if cor- 
rectly applied, and they should be so taught in 
our hospitals and medical schools. 














THE ENDOMETRIUM IN OLD AGE 


HAROLD SPEERT, M.D., New York, New York 


HIS is a study of the normal post- 

menopausal endometrium. Although 

knowledge of the cyclic morphologic 

changes exhibited by this membrane 
during the menstrual era has been on record 
for over 50 years, an adequate description of 
its postmenopausal picture has probably been 
retarded by the assumption that it participates 
in the obvious general involutionary changes 
in the genitalia. A partial search of the litera- 
ture, including a random selection of the text- 
books on gynecology and gynecological pa- 
thology of the last half century, for a system- 
atic study of the normal postmenopausal 
endometrium has proved fruitless. Only a few 
authors accord it even brief attention, all 
without references to any original work on the 
subject. These brief descriptions of the senile 
endometrium emphasize the atrophy of the 
glandular elements and a few take note of the 
occasional cystically dilated gland. 

Interest in the postmenopausal endome- 
trium was aroused by three studies (Breipobl, 
1935; Taylor and Millen, 1938; Novak and 
Richardson, 1941), all of which reported the 
unorthodox finding of hyperplasia in a fair 
proportion of cases. Breipohl found hyper- 
plasia in 15 of 130 postmenopausal endome- 
triums. His series, however, included patients 
with as little as 6 months’ amenorrhea, and 2 
of his patients had granulosa cell tumors of 
the ovary. Taylor and Millen described a 
hyperplastic endometrium in 3 of 34 patients 
with otherwise normal pelvic organs, 4 to 13 
years after the menopause. Surprisingly high 
was the incidence of hyperplasia, either frank 
or “retrogressive,”’ reported by Novak and 
Richardson in almost half of a series of 137 
endometriums from women 2 to 40 years be- 
yond the menopause. These observations 
have forced a reconsideration of the traditional 
concept that the postmenopausal endome- 
trium is necessarily an atrophic one. 
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Despite their great value in awakening in- 
terest in the senile endometrium and in 
demonstrating its potentialities, previous re- 
ports suffer from two serious shortcomings 
which render their applicability to normal 
histology dubious. First and most important 
is the fact that almost all of the specimens 
were obtained from women with gynecologic 
disorders, bleeding being their foremost symp- 
tom. This makes the material a highly se- 
lected one in which abnormalities of the en- 
dometrium would be expected with a much 
higher frequency than among an unselected 
group of postmenopausal women of com- 
parable age. Second, many of the endome- 
triums were classified from the examination of 
curettings. In a significant proportion of the 
cases no endometrium was obtained. Exclu- 
sion of such cases, as was done by Novak 
and Richardson, undoubtedly resulted in an 
artificially low incidence of atrophy. On the 
other hand, the classification of every endo- 
metrium as atrophic solely on the basis of a 
nonproductive curettage, as was done by 
Breipohl, would hardly seem justified either. 
Furthermore, microscopic interpretation of 
curettings from a postmenopausal uterus is 
often difficult, because of the fragmentation of 
the tissue and the ease with which the com- 
monly encountered endometrial polyps may 
be confused with the diffuse type of hyper- 
plasia (Kottmeier, 1947). 


PRESENT STUDY 


The material on which this study is based 
consists of 60 normal uteri which were re- 
moved incidental to vaginal plastic operations 
because of varying degrees of descensus. Only 
those cases were included in which at least 2 
years had elapsed since the last menstrual 
period. Except for this criterion there was no 
special basis for selection. The patients ranged 
in age from 50 to 85 years: 14 were between 50 
and 55 years old, 19 between 56 and 60, 15 
between 61 and 65, 10 between 66 and 70, 1 
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between 76 and 80, and 1 between 81 and 85, 
a total of 60 patients. About two-thirds of the 
patients had ceased menstruating within the 
preceding 15 years, the rest extending as much 
as 35 years beyond the menopause. In 10 
patients the postmenopausal interval was 2 to 
5 years; 6 to Io years in 14 patients; 11 to 15 
years in 18; 16 to 20 years in 8; 21 to 25 years 
in 8; 26 to 30 years in 1; 31 to 35 years in I. 
In 16 cases curettage had been performed im- 
mediately preceding hysterectomy but in each 
instance sufficient undisturbed endometrium 
remained in the uterus to permit study and 
classification. 

Endometrial polyps were present in 10 cases 
(17 per cent) and adenomyosis of varying de- 
gree was diagnosed 13 times (21 per cent). 
Others have remarked on the relative fre- 
quency with which these two conditions are 
found in senile uteri. The incidence of polyps, 
for example, is two and one-half times as 
great as that found by Henriksen (1941) 
among a large group of younger women, se- 
lected because of the complaint of abnormal 
vaginal bleeding. 

Epithelium. The surface epithelium con- 
sisted of a single layer of low cuboidal cells 
arranged in a fairly straight or slightly undu- 
lating line. Here and there it could be seen 
dipping down slightly into the stroma (Fig. 1), 
but in only rare instances could any connec- 
tion be demonstrated between the glands and 
the surface epithelium. This observation is 
believed to be of importance in the interpreta- 
tion of the cysts, described later. 

The endometrial glands varied greatly in 
size, shape, and number. In some cases only 
an occasional small round gland was visible in 
the remnant of mucosa which covered the 
myometrium (Fig. 1). In others the endome- 
trium was somewhat thicker and contained a 
greater number of glands, some slightly larger, 
and some slightly branched (Fig. 2). Oc- 
casional mitotic figures could be demonstrated 
even in some atrophic endometriums such as 
this. It is questionable whether mitotic figures 
in this tissue are necessarily indicative of 
specific estrogenic stimulation, as several pre- 
vious authors have assumed. 

An interesting and not uncommon variant 
in the endometrial pattern consisted of atypi- 


cal, irregularly branched and dilated glands 
(Fig. 3). These bore no special relation to the 
other glands nor were they confined to any 
specific location. Their lumens commonly 
contained amorphous material as did the more 
typically cystic glands, herein described. 

In contrast to the findings in previous stud- 
ies, particularly that of Novak and Richard- 
son, the present material has not revealed hy- 
perplasia as a normal manifestation of the 
senile endometrium. This diagnosis was made 
in only 3 cases. When the clinical histories of 
these patients were later reviewed it was 
found that 2 of them had received estrogenic 
therapy for about 3 weeks immediately pre- 
ceding operation. One, aged 61 years, had 
been taking stilbestrol by mouth (Fig. 4); 
the other, aged 57 years, had received her 
estrogen in the form of stilbestrol vaginal sup- 
positories daily (Fig. 5). The third patient 
with endometrial hyperplasia (Fig. 6), aged 61 
years, had a small tumor in the left adnexal 
region. This was palpated by the attending 
gynecologist who had examined the patient 
prior to her admission to the hospital, and the 
suspicion of a granulosa cell tumor was re- 
corded. Unfortunately the ovaries were not 
investigated at operation. In 2 of the 3 cases 
of hyperplasia, therefore, a definite exogenous 
source of stimulation was present and in the 
third instance the presumption is strong that a 
functional ovarian tumor was responsible. Jn 
not a single case of the present series was spon- 
taneous endometrial hyperplasia encountered. 

Cystic glands, varying in size and number, 
constituted one of the most consistent as well 
as one of the most interesting findings in the 
present study. These cystic structures were 
seen in routine sections of 43 of the 60 uteri 
(72 per cent). 

Novak and Richardson, in their paper of 
1941, redirected attention to the cystic glands 
of the senile endometrium, clearly demon- 
strated these structures in photomicrographs, 
and, impressed with their Swiss cheese pat- 
tern, interpreted them as evidence of hyper- 
plasia. The present material and theirs are 
not strictly comparable, since many of their 
patients complained of bleeding, whereas the 
uteri in the present study were all presumably 
normal, save for their descensus. This dif- 
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Fig. 1. 


Fig. 5. 

Fig. 1. Endometrium of patient, aged 56 years, 8 years 
after the menopause. Section shows advanced atrophy of 
glands and fibrosis of stroma. 

Fig. 2. Endometrium of patient, aged 57 years, 5 years 
after the menopause. Section shows moderate atrophy of 
glands in addition to fibrosis and hyalinization of superfi- 
cial stroma. 

Fig. 3. Endometrium of patient, aged 54 years, 4 years 
after the menopause. This photomicrograph shows irregu- 
larity of the glands. 





Fig. 6. 

Fig. 4. Endometrial hyperplasia in patient, aged 62 years, 
15 years after the menopause. This patient had received 
stilbestrol for about 3 weeks preoperatively. 

Fig. 5. Endometrial hyperplasia in patient, aged 57 
years, 12 years after the menopause. This patient was 
treated with 2 stilbestrol vaginal suppositories (o.5 mgm.) 
daily for 3 weeks preoperatively. 

Fig. 6. Endometrial hyperplasia in patient, aged 61 
years, 12 years after the menopause. This patient had a 
small adnexal mass, possibly a granulosa cell tumor. 














Fig. 7. Endometrium of patient, aged 55 years, 6 years 
after the menopause. Glands contain desquamated epi- 
thelium in lumens. 


ference will help explain our failure to confirm 
the high degree of hyperplasia reported by 
Novak and Richardson. Of probably greater 
importance, however, is the alternative inter- 
pretation which we are inclined to give the 
large cystic glands which have been observed 
in the majority of our cases and which appear 
to be identical with the glands in the speci- 
mens classified by Novak and Richardson as 
“retrogressive hyperplasia.” 

Study of our material has led to the conclu- 
sion that the cystic structures in the senile 
endometrium are indeed retention cysts, as 
some of the older gynecological pathologists 
thought them to be. These cysts form, it is 
believed, following the occlusion of the gland 
openings which results from the atrophy of 
their lining epithelium. The stimulus to dila- 
tation of the blind pouches thus formed comes 
from the desquamating lining cells. The early 
stages of this process can be visualized in 
Figures 7 and 8. As the gland cells are re- 
placed and cast off into the lumens the cysts 
enlarge. The cellular nature of the cyst con- 
tents becomes less apparent as autolysis and 
liquefaction occur (Fig. 9). Finally the des- 
quamated material is reduced to an amorphous 
mass (Fig. 10). Sometimes this appears granu- 
lar, sometimes homogenous, and takes only a 
faint pink stain with hematoxylin and eosin. 
Subsequent stages, showing progressive en- 
largement of the cysts, are shown in Figures 11 
to 15. Although they may occur at any level 
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Fig. 8. Endometrium of patient, aged 69 years, 19 
years after the menopause. Glands are irregular, some 
slightly dilated, and lumens contain desquamated epithelial 
cells. Surface epithelium removed by previous curettage. 


of the endometrium, the cysts have a predi- 
lection for the superficial stratum, where they 
are covered by the very thinnest layer of sur- 
face epithelium. Figure 12 shows such a cyst 
separated from the uterine cavity by only a 
single layer of cells. 

We visualize these structures, therefore, as 
cystic dilatations of endometrial glands result- 
ing from mechanical obstruction of their 
mouths and desquamation or secretion into 
their lumens. In this respect they are quite 
analogous to the nabothian cysts of the cervix. 
Their similarity to the glands of a hyperplastic 
endometrium is only superficial, the chief 
characteristic common to both types being the 
Swiss cheese pattern presented by the cystic 
glands of varying size. The epithelium of the 
postmenopausal cyst is flat and inactive look- 
ing, mitotic figures rare, in contrast with the 
histologic picture of the cystic hyperplasia 
seen in younger women. Important differences 
exist too in the stroma, herein described. The 
cystic endometrial glands of postmenopausal 
women quite commonly attain a size several 
times that reached by the glands seen in the 
cystic hyperplasia of younger women. One 
of the larger glands in the present series is 
shown in Figure 15. It is difficult to reconcile 
this observation with the thesis of Novak and 
Richardson that these structures are the rem- 
nants of pre-existing typical cystic hyper- 
plasia. It seems necessary to accept the idea 
of a progressive dilatation of the glands, be- 
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Endometrium of patient, aged 85 years, 35 


Fig. 9. 
years after the menopause. Glands are moderately dilated 
and contain amorphous material, cellular detail of which 
has largely been lost. Evidence of desquamation can be 
seen in the lining of the upper gland. 


yond any size ever attained during the repro- 
ductive years, when the mouths of the glands 
are open. The histologic structure suggests a 
distention rather than an active proliferation. 

Polyps. Cystically dilated glands are es- 
pecially common in the endometrial polyps 
which occur in postmenopausal women (Fig. 
16). This association is of interest from three 
points of view. First, the Swiss cheese pattern 
has frequently been the basis for the erroneous 
diagnosis of endometrial hyperplasia, especial- 
ly when the pathological report has depended 
on the examination of curettings. Kottmeier 
has recently established criteria for the dif- 
ferentiation of endometrial polyps and hyper- 
plasia in curettings with the aim of minimiz- 
ing this error. Second, rupture of the super- 
ficial cysts is the probable mechanism of the 
uterine bleeding which is commonly seen in 
patients with endometrial polyps. The thin 
walled veins of the senile uterus, described 
later, are particularly vulnerable to such an 
accident because of their location just be- 
low the surface epithelium. Finally it seems 
more than possible that the cystic glands 
themselves are an important factor in the 
pathogenesis of postmenopausal endometrial 
polyps, since these growths consist in large 
part of such cysts and their surrounding 
stroma. This thesis would help explain the 
high incidence of endometrial polyps in post- 
menopausal uteri. 


ENDOMETRIUM IN OLD AGE 





Fig. 10. Endometrium of patient, aged 58 years, 8 years 
after the menopause. Cystic gland, filled with amorphous 
debris, occupies entire thickness of endometrium. 


Stroma. The stroma of the postmenopausal 
endometrium differs markedly from that of 
the cyclic mucosa of younger women. Most 
striking is the difference in staining charac- 
teristics. In contrast to the deeply basophilic 
color which the youthful endometrial stroma 
assumes with the usual hematoxylin and eosin 
stains, the senile mucosa is predominantly 
eosinophilic, but considerable individual vari- 
ation exists in this respect. This change re- 
sults from the altered histologic composition of 
the tissue. The lymphoid elements of the 
stroma are replaced after the menopause by a 
less cellular, more fibrous structure. The re- 
maining cells are predominantly spindle- 
shaped fibrocytes, and the relatively more 
abundant matrix becomes homogeneous and 
hyalinized, especially near the surface (Figs. 2 
and 17). Focal accumulations of round cells 
may persist here and there for many years 
after the menopause, but they form a quite 
inconspicuous part of the histologic pattern. 

Blood vessels. The specialized arterial ap- 
paratus which supplies the stratum functionalis 
of the human endometrium and is character- 
ized by coiled vessels atrophies after the meno- 
pause. This atrophy sets in promptly and pro- 
ceeds rapidly, so that in the present material 
routine sections revealed no structures which 
could be recognized as spiral arterioles. It is 
quite likely that the disappearance of these ves- 
sels is related to the diminution in circulating 
estrogen. Okkels and Engle (1938) concluded 
that the integrity of the coiled arteries of the 
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Fig. 11. Endometrium of patient, aged 62 years, 12 
years after the menopause, showing large cystic glands lined 
with flattened epithelium. 


macaque’s endometrium depended upon this 
hormone, since ‘‘fibroelastoid degeneration” 
occurred in spayed animals and restitution 
could be produced by treatment with estrone. 
Spiral arteries have been described recently in 
the ovary, too, and there is some evidence that 
here as well the coiled vessels depend on the 
trophic action of estrogen (Delson, Lubin, and 
Reynolds, 1948). 

Perhaps of greater practical importance is 
the condition of the veins in the senile uteri, 
for it is probably from these vessels that most 
spontaneous bleeding occurs. In a fair propor- 
tion of the specimens comprising” this series 
thin-walled veins, filled with blood, coursed 
through extremely superficial layers of the 





Fig. 13. Endometrium of patient, aged 65 years, 15 
years after the menopause. Enlarged cystic gland has dis- 
placed surface epithelium. Compare with Figure 12. 


Fig. 12. Endometrium of patient, aged 66 years, 23 
years after the menopause. Note displacement of surface 
epithelium by greatly enlarged cystic gland. 


endometrium, being separated from the ute- 
rine cavity in some instances by only one or 
two layers of cells (Figs. 17 and 18). This 
arrangement will doubtless explain some of 
the not infrequent cases of vaginal bleeding in 
which curettage fails to reveal the cause. The 
fortuitous location of such a vein superficial to 
an expanding cystic gland subjects the vessel 
to the possibility of trauma, especially should 
the cyst rupture. This is suggested as a com- 
mon mechanism of hemorrhage from post- 
menopausal endometrial polyps. 

One might suspect the prominence of super- 
ficial veins in the present material to be a 
secondary effect of the uterine descensus, from 
which all the patients suffered to a varying 
degree. While recognizing such a possibility, 





Fig. 14. From the same endometrium as in Figure 13, 
showing cystic glands present in another area of the 
endometrium. 
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Fig. 15. Endometrium of patient, aged 59 years, 11 
years after the menopause, showing greatly dilated cystic 
glands lined by flattened epithelium. 


we believe it relatively unimportant, since a 
recent study of postmenopausal women with- 
out uterine descensus also describes circula- 
tory modifications in the form of vascular dila- 
tation and telangiectasia in the endometrium 
(Gianaroli, 1948). 


DISCUSSION 


The present study differs fundamentally 
from previous ones on the postmenopausal 
endometrium because of the different basis for 
selection of material. Others have chosen their 
specimens from the postmenopausal endome- 
triums of their pathological laboratories with- 
out discrimination because of the patient’s 
complaint. A large proportion of such pa- 









Fig. 17. Endometrium of patient, aged 52 years, 3 years 
after the menopause. Arrow points to superficial vein just 
beneath surface epithelium. 


Fig. 16. An endometrial polyp which is composed 
largely of cystic glands, from the same uterus as illustrated 
in Figure 1. 


tients suffered from postmenopausal bleeding, 
which was the reason for hysterectomy or 
curettage. It is apparent that by failing to 
select their material these previous authors 
actually obtained a rather highly selected 
series of endometriums, which would be ex- 
pected to show a relatively high incidence of 
abnormality. We have attempted to circum- 
vent this obstacle and to obtain endometriums 
representative of the normal by choosing our 
specimens from a group of patients free of 
bleeding and without evident uterine disease. 
Furthermore, the entire endometrium as ob- 
tained by hysterectomy offers advantages over 
the fragments of tissue obtained by curettage, 
as in some previous studies. The principal 
problems associated with examination of post- 





Fig. 18. Endometrium of patient, aged 76 years, 16 
years after the menopause. Arrow points to superficial vein 
just beneath (denuded) surface epithelium. 
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menopausal curettings consist of the impos- 
sibility of making a diagnosis in the significant 
group in which no tissue is obtained, and the 
difficulties sometimes encountered in inter- 
preting fragmented tissue, particularly in dif- 
ferentiating between an endometrial polyp 
and hyperplasia. 

Finally the different criteria used for the 
diagnosis of hyperplasia undoubtedly account 
in large measure for our failure to corroborate 
the high incidence of hyperplasia previously 
reported in postmenopausal uteri, particularly 
by Novak and Richardson. Not all would 
agree, for example, with the diagnosis of active 
hyperplasia given to some of the specimens 
illustrated in their paper; and to the cystic 
glands which they have interpreted as retro- 
gressive hyperplasia we would accord the al- 
ternative interpretation of glandular dilata- 
tion resulting from mechanical obstruction of 
the gland outlets. It is probably because of 
more exacting criteria used for hyperplasia 
that Schiffmann (1929) diagnosed this condi- 
tion in only 1 of 59 women with postmeno- 
pausal bleeding. 

Oui observations indicate that atrophy is 
the normal condition of the asymptomatic 
postmenopausal endometrium. The hyper- 
plasia present in 3 cases could be ascribed in 
each to an actual or presumed abnormal source 
of estrogenic stimulation. From a purely 
theoretical point of view it is difficult to see 
how this could be otherwise, if our current 
notions concerning the etiology of endometrial 
hyperplasia are correct. Although women may 
excrete small amounts of estrogen for several 
years after their cessation of menstruation, 
and evidence of estrogenic activity, even of 
periodicity, may be detected in vaginal smears 
long after the menopause (Papanicolaou, 
1933; Kernodle and Cuyler, 1948), the quanti- 
ties of available hormone are far below the 
levels usually associated with proliferation of 
genital tissues. This point is attested by the 
atrophy of the vulval and vaginal tissues and 
the decrease in bulk of the uterus consistently 
associated with normal aging. 

Castration in the rhesus monkey commonly 
leads to focal hyperplasia in the mammary 
gland with the development of discrete no- 
dules in the breast (Speert, 1940); and in cer- 
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tain strains of mice proliferative changes occur 
in the adrenal cortex as well following removal 
of the ovaries (Fekete, Woolley, and Little, 
1941). The precise hormonal mechanisms for 
these atypical growth processes are not under- 
stood. This study provides no basis for the 
belief that the endometrium is a common site 
for any similar hyperplastic response to the 
withdrawal of ovarian support. Failure to 
demonstrate endometrial hyperplasia in the 
present series of normal specimens leads to the 
belief that this finding is an abnormal one in 
the postmenopausal woman. 


SUMMARY 


1. A histologic study is reported of 60 
normal uteri removed from women aged 50 to 
85 years and 2 to 35 years beyond the meno- 
pause. 

2. Endometrial polyps were present in 10 
cases (17 per cent) and adenomyosis in 13 (21 
per cent). 

3. Cystically dilated glands were present in 
routine sections of 43 of the uteri (72 per cent). 
The pathogenesis of these structures, which 
are believed to be retention cysts, is discussed. 

4. Changes in the stroma consisted chiefly 
of fibrosis and hyalinization, especially near 
the surface. 

5. The spiral arteriolar apparatus could not 
be demonstrated; but thin-walled veins were 
prominent just under the surface epithelium. 

6. True hyperplasia was present in only 3 
uteri, at least 2 of which had been subjected to 
abnormal sources of estrogenic stimulation. 
Hyperplasia appears to be an abnormal find- 
ing in the postmenopausal endometrium. 

7. An explanation is suggested for certain 
cases of idiopathic postmenopausal bleeding, 
and for the common association of bleeding 
with endometrial polyps. 
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TREATMENT OF SLIPPING OF THE 
UPPER FEMORAL EPIPHYSIS 


A Study of the Results of 42 Cases 


CLARENCE H. HEYMAN, M.D., F.A.C.S., Cleveland, Ohio 


LIPPING of the upper femoral epiphy- 
sis occurs in different forms and de- 
grees. There is the early potential pre- 
slipping stage with little or no displace- 

ment, manifested by comparatively mild symp- 
toms. Deformity may then increase abruptly 
following mild trauma. This is known as the 
acute slip with severe displacement of the 
epiphysis causing immediate and marked dis- 
ability. More commonly, however, the dis- 
placement may progress gradually or inter- 
mittently known as the chronic slipping with 
gradually increasing disability. Bony union 
between the epiphysis and the neck of the 
femur eventually occurs with a greater or 
lesser deformity and disability. There is no 
sharply defined time to mark the final stage 
of deformity when union has occurred to such 
a degree that it becomes impossible to alter 
the position of the head in relation to the neck 
without osteotomy. 

From Gates Hospital for Crippled Children, Elyria, Ohio. 


We are concerned in this study with the 
treatment of the slowly progressing or chronic 
form of slipping rather than with the acute 
slip. During this still formative stage in the 
development of treatment adaptable to the 
majority of cases, surgeons of comparable ex- 
perience practice different methods. These 
results show why some methods are in favor, 
and others are in disfavor, in the clinic where 
these patients were treated and where as in all 
hospitals the facilities and limitations must be 
evaluated by every surgeon. 

In this group of 42 cases, 2 years or more 
have elapsed since the cessation of treatment, 
unless a poor result is already present or may 
obviously be predicted. The results are clas- 
sified separately as to the clinical or functional 
result, and the anatomical or structural result 
as revealed by the roentgenogram. It is inter- 
esting that there is often a discrepancy in the 
classification of the result according to these 
two criteria. 











Fig. 1 a, above. W. L. Extremely overweight boy, 16 
years old. Duration of symptoms 8 months. Had severe 
limp, pain, and very little motion at the hip. Treated by 
manipulation and cast. b, Four and one-half years later. 
He has no pain, no limp, and no limitation of motion. The 
head of the femur is moderately deformed, but is otherwise 
good. 


All of these patients had a gradual onset of 
symptoms and a slowly progressing disability, 
sometimes to a marked degree, and the epiph- 
yseal plate was still open. The duration of 
symptoms varied from 2 to 9 months, except 
for 2 patients who had symptoms for 2 years. 
The ages at the time they came for treatment 
varied from to years to 18 years. The average 
age was 14 years. All complained of pain, 
some moderate and some severe. All patients 
limped and had limitation of motion, some 
moderate and some marked. Some had marked 
displacement of the epiphysis, and others had 
only a minimal slip. Thirty-five were males; 
7 were females. Thirty-seven were unilateral 
slips; 5 were bilateral. Twenty-three were of 
excessive weight suggesting a glandular dys- 
crasia, and 19 were normal in these respects. 
It was noticed, however, that some of the chil- 
dren who appeared to be of normal weight and 
development at the time of treatment became 
overweight and developed the appearances or 
stigmas of glandular dyscrasia as they became 
older. 


METHODS OF TREATMENT 


Manipulation under anesthesia followed by 
fixation in a plaster spica with the extremity 
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Fig. 2. a, above. R. C. Markedly overweight boy, 14 
years old. Duration of symptoms 6 months. Had severe 
limp and external rotation deformity. Treated by manip- 
ulation and cast. b, Five and one-half yearslater. Although 
the epiphysis was not altered in position by manipulation, 
the head of the femur looks good. He has normal motion 
and function. 


widely abducted and internally rotated was 
the method of treatment in 21 of the 42 cases. 
The method commonly used was that of Lead- 
better to reduce fracture of the neck of the 
femur: traction with the hip at right angled 
flexion, internal rotation, and then with the 
hip brought down in internal rotation and 
wide abduction. Considerable force was used 
when it was thought necessary. Osteotomy 
through the neck of the femur or through the 
epiphyseal plate, with fixation by means of a 
nail and plaster spica was done in 3 cases; 
osteotomy with fixation in plaster only was 
done in 5 cases. Simply a removal of the 
prominent angular portion of bone obstruct- 
ing motion at the anterosuperior aspect of the 
neck of the femur, without osteotomy and 
with no postoperative fixation, was done in 3 
cases. Fusion of the epiphysis by an open and 
direct approach, without the insertion of a nail 
or postoperative fixation, was done in Io cases. 
These had comparatively slight displacements 
and were not manipulated. 


RESULTS OF MANIPULATION AND PLASTER 
SPICA 


Good to excellent clinical results were ob- 
tained in 17, or 81 per cent, of the cases treat- 
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Fig. 3. a, above. J. R. Girl, 11 years old. Duration of 
symptoms 3 months. She had severe disability. Treated 
by es (a and cast. b, Three years later. She has 


a normal hip. 

ed by manipulation. It was found that ability 
to improve position according to the roent- 
genogram was not directly dependent upon the 
duration of symptoms. This, of course, would 
not apply to the sudden and acute slips with a 
marked displacement which are not included 
in this article. Considerable improvement to- 
ward restoration of anatomical position was 
possible in cases with a duration of symptoms 
varying from 1 to 9 months, while little or no 
success in improving position was had in other 
cases with a duration of symptoms varying 
from 2 to 6 months. This greatly depended 
upon the width of the epiphyseal plate, or 
absorption of bone adjacent to it, at the time 
of treatment. 

It was a common observation that even 
though manipulation in the cases of longer 
standing sometimes failed to alter appreciably 
the position of the head on the neck of the 
femur, the clinical improvement was generally 
marked. Pain disappeared in all cases, and 
there was a decided improvement in the ranges 
of motion. Manipulation with cast appears to 
bring about a fairly prompt fusion of the 
epiphysis, and perhaps this may be a cause for 
the cessation of pain and muscle spasm. Con- 
tracture, rather than bony displacement, may 
be a major factor in many cases causing clin- 
ical deformity and limitation of motion. There 


Fig. 4.a, above. H.H. Boy, 14 yearsold. Hada gradual 
onset of symptoms beginning 7 weeks before, but the roent- 
genogram may be suggestive of an acute slip. Manipula- 
tion failed to improve position; nevertheless, he was treated 
by a spica cast with the extremity in wide abduction. b, 
Five years later. Motions normal except internal rotation 
is moderately limited. Clinical result is good; roentgeno- 
logical result is fair. 


is no other way to explain the correction of ex- 
ternal rotation deformity and greatly limited 
abduction in the cases in which position of the 
epiphysis was not much improved. Release 
from contracture of the adductor and external 
rotator muscles, or more likely from contrac- 
ture of the joint capsule or other fibrous struc- 
tures, is accomplished by manipulation follow- 
ed by maintaining the extremity in abduction 
and internal rotation. It is unlikely that rest 
alone or abstention from weight bearing would 
be equally effective. Treatment by traction, 
which may be effective in the acute slip, was 
tried in only 1 case. This did not result in any 
improvement in motion after 6 weeks. 

The criterion for estimation of the result on 
the roentgenogram is not solely the position 
of the head on the neck. Of greater impor- 
tance are the structure of the bone, the width 
of the joint space and smoothness of the artic- 
ular surfaces. A good viable head and a good 
articular surface are more to be desired than a 
normal anatomical relationship with aseptic 
necrosis. On the basis of these criteria, the 
roentgenological result was good in 67 per cent 
of the cases in which manipulation was carried 
out. Twenty-eight per cent are classified as 








Fig. 5. a, above. P. S. Girl, 12 years old. Duration of 
symptoms 4 months. Only a minimal slip at the right hip. 
Treated by open fusion of the epiphysis. b, Ten years later. 
She has normal function and roentgenological result is prac- 
tically normal. 


having a fair roentgenological result only be- 
cause of faulty position of the head on the 
neck. In only 1 case is there a poor roentgen- 
ological result (5 per cent) with a poor bone 
structure in addition to deformity. This was 
the case of a boy, 18 years old, who had symp- 
toms for 2 years before treatment. 


RESULTS OF CERVICAL OSTEOTOMY 


By cervical osteotomy is meant open reduc- 
tion by osteotomy through the epiphyseal 
plate or a cuneiform osteotomy through the 
neck. It is to be emphasized that these are the 
results of one surgeon only. There were only 8 
cases of cervical osteotomy to correct deform- 
ity, for it was soon found that the results were 
not good even after the patient was subjected 
to this major operation. More or less aseptic 
necrosis with degenerative changes resulted in 
7 of the 8 cases. A good roentgenological re- 
sult was obtained in only 1, and this patient 
has only 45 degrees of flexion, and rotation is 
greatly limited. The only poor results, both 
clinically and roentgenologically, have been in 
those patients treated by cervical osteotomy. 
The results of manipulation and cast in the 
case of longer standing, even though not much 
improvement in anatomical position has been 
obtained, have been so much better that the 
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Fig. 6.a, above. H. H. Boy, 15 years old. Duration of 
symptoms 3 months. No appreciable slip, but physical find- 
ings were _— of slippin 4 of epiphysis. Treated by open 


fusion of epiphysis; b, 234 years later. Function normal. 
Head may be slightly underdeveloped, but otherwise normal. 


writer now does a cervical osteotomy only in 
unusual conditions. 


REMOVAL OF THE BONY OBSTRUCTION 
TO MOTION 


The first operation of this nature was done 
in 1942 in the case of a marked displacement 
of 5 months’ duration and with a marked lim- 
itation of motion. Preparations were made 
for cervical osteotomy and nailing, but at op- 
eration it appeared that bony union was so 
secure that we withheld from osteotomy. Since 
limitation of motion was seen to be caused by 
an impingement of the angular prominence of 
bone at the anterosuperior aspect of the neck 
against the rim of the acetabulum, it was de- 
cided to chisel off the obstruction at the neck 
of the femur. Good motion resulted imme- 
diately. He was kept in bed 1 week afterward 
and progressed so well that he was then al- 
lowed crutches and weight bearing according 
to his own inclinations. He was soon bearing 
full weight on the leg, and retained most of the 
greatly improved range of motion gained at 
operation. Encouraged by this success, 2 more 
operations were done with similar satisfaction. 
Another patient with bilateral involvement, 
too recent to be included in this report, ob- 
tained striking improvement of motion when 
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Fig. 7. a, above. R. C. Boy, 15 years old. Duration of 
symptoms 5 months. He had severe pain and was unable to 
bear any weight on the leg. There was very little motion 
even under anesthesia. Operative exposure was made for 
osteotomy and nailing, but only the angular bony promin- 
ence at the neck was removed. He was kept in bed 1 week 
postoperatively and there was a rapid relief of symptoms. 
See text. b, Five years later. He has no pain, practically 
no limp, and motion is only moderately limited. Clinical 
result is good; roentgenological result is fair. 


6 weeks of traction in bed beforehand had no 
effect. These patients have good hip joint 
spaces and no roentgenological evidence of 
aseptic necrosis. Since the roentgenograms 
show, of course, the deformity as before, these 
cases are classified as having only fair roent- 
genological results. It is intended to gain fur- 
ther experience with this conservative method 
of treatment.! 


EPIPHYSEAL FUSION 


Since a direct operative approach to bring 
about a prompt fusion of the epiphysis has 
proved to be reliable in arrests of growth, an 
adaptation of this method for fusion was done 
in 10 cases presenting only a minimal displace- 
ment. It was thought that a graft of bone 
across the epiphyseal plate would be more re- 
liable in bringing about a prompt fusion than 
the introduction of a Smith-Petersen nail. It 
was also taken into consideration that nailing 

1The writer was not aware that this operation had been done 
before but, during a recent conversation with Dr. L. Ramsey 
Straub of New York, he was told that Dr. Royal Whitman re- 


ferred to it in an article published in the Medical Record, January 
9, 1909. 





Fig. 8. a, above. S. C. Girl, 11 years old. Duration of 
symptoms 1o months. Treated by osteotomy and nail which 
was removed later because of stiffness and pain. b, Four 
years later. She has pain and stiffness. The clinical and 
roentgen results are poor. 


a capital epiphysis requires considerably more 
precision, particularly in the exact length of 
the nail and in centering, than is required in 
nailing a fracture of the neck of the femur. 
Multiple drilling was done in 1 case only. This 
epiphysis ultimately fused after many months 
of nonweight-bearing protection, and there is 
a good result. 

Description of the operation of fusion. Ex- 
posure of the anterosuperior aspect of the 
neck of the femur is made through a Smith- 
Petersen approach. The capsule is incised 
longitudinally and is reflected only enough to 
expose the neck at its junction with the head 
incurring a minimum of disturbance to the 
blood supply. The epiphyseal line is looked 





Fig. 9. R. M. Boy, 15 years old. Bilateral case treated 
by a capable surgeon by means of cervical osteotomies and 
nailing. Nails were removed later. He has ankylosis of 
both hips 1 year after operations. 
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for, but may not always be identified. A rec- 
tangular section of bony cortex, about 4 cen- 
timeters long and 1 centimeter wide, is re- 
moved along the long axis of the neck, with 
care not to disturb the articular surface. This 
is laid aside to be used later. A small curet or 
gouge is introduced into the gutter, and by a 
rotatory motion is forced into the central por- 
tion of the head deeply enough to be sure that 
it passes across the epiphyseal plate. Small 
pieces of cancellous bone, obtained from the 
crest of the ilium, are impacted into the 
depths of the hole which passes into the head 
of the femur. The piece of bony cortex pre- 
viously removed is then replaced or may be 
driven in asa peg. The capsule is sutured, and 
the wound is closed. 

No postoperative fixation is used other than 
light temporary traction for comfort and re- 
straint. Weight bearing is not permitted until 
the roentgenogram shows that fusion has oc- 
curred, or until progress is well under way to- 
ward fusion. Traction, as a rule, is continued 
for about 6 weeks, followed by ambulation 
with crutches and only partial weight bearing 
for another 6 weeks. It was found that pain 
and muscle spasm rapidly subsided, and there 
was soon a return to normal passive and active 
motion. Fusion of the epiphysis occurs in 
about 3 months after this operation. 


RESULT OF EPIPHYSEAL FUSION 


Ten operations were done upon 8 patients 
—2 were bilateral—without manipulation or 
other treatment. The ages ranged from 13 to 
15 years. Both the clinical and roentgenolog- 
ical results are good to excellent in all cases. 
All have complete relief of symptoms and have 
practically normal motion and no limp, and 
the roentgenograms showed a prompt fusion 
with no increase in displacement over that 
originally present. There is a normal appear- 
ing bony structure and a normal joint space. 


SUMMARY OF RESULTS 


A clinical result is classified as good when 
the patient has no disability, no pain, little if 
any limitation of motion, and no more than a 
very slight limp; the result is fair when the 
patient has no pain, but there is a moderate 
limitation of motion or a moderate limp; the 


result is poor when there is pain, or a consid- 
erable degree of limitation of motion, or a 
conspicuous limp. The roentgenological result 
is classified as good when at most there is only 
a slight deformity, which would not seem to 
be important, and no appreciable aseptic ne- 
crosis or articular changes; the result is fair 
when the displacement of the fused head on 
the neck of the femur is moderate, but there 
is no appreciable‘aseptic necrosis or articular 
changes; the result is poor when there is asep- 
tic necrosis accompanied by narrowing of the 
joint space and roughening of the articular 
surfaces. 

All of the 1o patients selected for operative 
fusion of the epiphysis have a good to excel- 
lent clinical and a good roentgenological re- 
sult. Of the 21 patients treated by manipula- 
tion and cast—and it is to be considered that 
all of these cases of considerablé displacement 
were less favorable—17, or 81 per cent, have a 
good to excellent clinical result, and 14, or 67 
per cent, have a good roentgenological result. 
Only 1 patient has a poor joint space and 
aseptic necrosis. There were no poor clinical 
results following manipulation and cast, and 
most patients have little or no physical dis- 
ability. Still more important, none has pain. 
There are no poor roentgenological results fol- 
lowing manipulation and cast other than fail- 
ure to improve anatomical position of the 
head, except 1 case of an 18 year old boy who 
had had pain and disability for 2 years. These 
generally good results of manipulation and 
cast are in marked contrast to the poor clinical 
and roentgenological results of treatment by 
cervical osteotomy. There was only 1 good 
clinical result and 1 good roentgenological re- 
sult in the 8 cases treated by cervical osteoto- 
my. These were not in the same patient. Re- 
moval of the angular bony obstruction to mo- 
tion greatly improved function in each of 3 
cases, and the joint space and bony structure 
look good. 

These unanticipated results of manipula- 
tion are deserving of further comment. It 
seems that there has been an almost unani- 
mous opinion expressed by recent writers that 
manipulation must be avoided, and those who 
confess to manipulation expressly caution that 
it must be gentle to avoid disturbances to the 


























circulation of the head of the femur or damage 
to the hip joint. This opinion is not confirmed, 
for these patients have no aseptic necrosis up 
to the present time. It was formerly contend- 
ed that manipulation per se caused the unfav- 
orable late changes of the head of the femur 
following reduction of congenital dislocation 
of the hip, and it is also likely that manipula- 
tion itself in slipping epiphysis does not cause 
the joint damage ascribed to it. Perhaps the 
failure to obtain better clinical results in the 
slowly progressing case of longer standing is 
because manipulation had been so gentle that 
nothing in the way of improvement could be 
accomplished. In the hands of the writer and 
of most orthopedic surgeons, manipulation is 
far less likely to be attendant with damage to 
the hip than in the procedure of cervical os- 
teotomy and nailing which is also a difficult 
operation even in the hands of the most ex- 
perienced and skilled surgeons. The choice of 
the method of treatment must be a matter for 
the individual who is governed by his own 
abilities and limitations. 


CONCLUSIONS 


These results, analyzed separately and con- 
jointly according to the functional and roent- 
genological results, have determined the writ- 
er’s present practice in the treatment of slip- 
ping of the femoral epiphysis. They are re- 
garded as intermediate results only. Final re- 
sults cannot be determined until later in life. 

Operative fusion by means of a bone graft 
across the epiphyseal plate is the method of 
choice during the early stage when there is no 
displacement to more than a slight degree. 
This method is reliable to bring about prompt 
fusion of the epiphysis, it shortens the period 
of disability, and prevents further displace- 
ment. 
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This method of manipulation and cast re- 
mains preferable to osteotomy in the still ac- 
tive stage when displacement has progressed to 
a considerable degree. Motion may be restored 
in most cases to a near normal range, and the 
limp practically eliminated, even though not 
much improvement in the anatomical position 
of the head is obtained. Aseptic necrosis is rare. 
The small number of patients treated by cer- 
vical osteotomy was sufficiently large to con- 
vince the writer that, in his hands, the results 
are generally poor. The manipulation and cast 
procedure is a safe method of treatment; pa- 
tients are not made worse by it. Cervical os- 
teotomy, on the other hand, may give a good 
result, but one must realize that this is a dif- 
ficult operation to do well and that aseptic 
necrosis is a complication of intracapsular 
fracture of the neck of the femur. 

Treatment of the late or residual stage of 
deformity when fusion has already occurred 
depends on the amount of disability. It is 
better to accept some limitation of motion and 
limp without pain than to strive for free mo- 
tion with probable pain or even more stiffness. 
Motion in these cases of long standing can be 
improved only by some form of osteoplastic 
operation. While subtrochanteric osteotomy 
may correct external rotation and adduction 
deformity, it would not seem likely to improve 
flexion of the hip. No settled conclusion can 
be reached on the basis of 3 cases, but simple 
removal of the bony obstruction to motion at 
the anterosuperior aspect of the neck of the 
femur gave good functional results, and there 
is no roentgenological evidence of disturbance 
of the blood supply to the head of the femur. 
If further experience confirms this result, we 
shall have an important conservative method 
of treating the case of long standing with a 
fixed and disabling deformity. 


FLUORESCEIN AS AN ADJUNCT IN THE TREATMENT 
OF RADIONECROTIC ULCERS 


BROMLEY S. FREEMAN, M.D., F.A.C.S., Houston, Texas 


HE treatment of postirradiation ul- 

cers is a problem of wound healing in 

tissues of impaired vascularity. The 

fallacy of surface treatment to ulcers 
with surrounding changes which extend deeply 
into the underlying tissue is obvious but often 
disregarded. The literature is replete with 
dermatologic or superficial surface treatments 
for chronic ulcerations occurring after irradia- 
tion (4). In our experience and in that of 
others (1), such treatment offers at best but 
a temporary aid to all but extremely limited 
lesions and radical surgery is the only effec- 
tive treatment which offers permanent results. 

The histopathologic changes associated with 
postirradiation dermatitis and ulceration in- 
clude scanty polymorphonuclear reaction, 
macrophage infiltration, progressive scarring 
with dense, acellular, fibrous and elastic tis- 
sue, and progressive endarteritis obliterans 
(9). Regeneration is prevented by the devital- 
ization of cells, direct radiation effect, pro- 
gressive devascularization, and inadequate re- 
pair mechanism, as well as by postirradiation 
lymphedema, fibrosis, and hyalinization (10). 
Chronic and persistent infection characterizes 
all surface ulcers and increases the circulatory 
deficiency by edema and scarring. 

The avascularity of underlying and sur- 
rounding structures does not permit spontan- 
eous slough, although local treatment with 
oxidizing agents such as activated zinc per- 
oxide aids to some extent (3). Delay in surg- 
ical removal will result in a chronic infection 
almost impossible to control except with wide 
excision resulting in increased loss of impor- 
tant surrounding tissues. Temporization and 
palliative treatment are exceedingly danger- 
ous. 

Dead tissue must be removed. Partially 
devitalized deeper structures, even bone and 


Presented in the Forum on Fundamental Surgical Problems, 
before the Clinical Congress of the American College of Surgeons, 
Los Angeles, California, October 18 to 22, 1948. 


tendon, can be revascularized (8) by removal 
of the necrotic lesion and the use of delayed 
pedicled flaps. 

The main difficulty in planning the surgical 
excision and the repair is lack of exact knowl- 
edge of the extent and degree of vasculariza- 
tion in each case. In extremes, the estimation 
of vascularity is not difficult, but the imper- 
ceptible shading from normal, through par- 
tially devitalized tissue, to necrotic tissue in 
the majority of radionecrotic ulcers cannot be 
recognized clinically without the use of ob- 
jective means which demonstrate the vascu- 
larity. Partially devitalized tissue can be 
restored to function by revascularization only 
if thick flaps with abundant blood supply are 
used. As flaps are vascularized from the per- 
iphery, rather than from the deeper structures, 
in order to maintain adequate blood supply, 
they must be both pedicled on and attached 
to healthy tissues. Unless the local vascular- 
ity of a proposed implant site can be objec- 
tively judged to be adequate, the entire pro- 
cedure, entailing possibly months of work, 
may be jeopardized. This same objective 
determination of devitalization is essential in 
the adequate excision of the lesion, for an 
ulcer, flush with the skin, with some bleeding 
upon surface curettement, has been shown to 
have necrotic tissue extending well past the 
subcutaneous area and into the muscular and 
bony structures beneath it. 

An objective estimation of vascularity is 
offered by the use of fluorescein after the 
method of Lange (6). Using this method, the 
study of the lesion before, during, and after 
the operative procedures enables the surgeon 
to determine the actual extent, depth, and 
degree of vascular impairment, as well as the 
degree of revascularization by a series of 
observations enabling pedicled flaps to be 
severed or transferred at an optimum time, 
rather than by employing the usual “wait, cut 
and see” method. 
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Fig. 1. Diagrammatic view of typical radiation ulcer with 
total avascularity (Zone 1), partial avascularity (Zone 2), 
and normal vascularity (Zone 3). 


Fluorescein, when injected intravenously, 
is made visible by a beam of long wave ultra- 
violet radiation wherever the rays can pene- 
trate. Lange and his associates (7), as well as 
Crismon and Fuhrman, have studied the 
properties of fluorescein. in both animals and 
humans, and have found it to be completely 
nontoxic in the dosage used, and excreted 
without change in the urine within 16 to 30 
hours. The appearance of fluorescence in tis- 
sues remote from the site of injection demon- 
strates the existence of circulating blood with- 
in the area under observation. Upon reaching 
a capillary, the dye diffuses through the wall 
into the interstitial spaces. Dead tissue cells 
do not stain even if the blood supply in the 
area is preserved. Although determinations 
of gradations in intensity of fluorescence, the 
rate at which maximum intensity is reached, 
and the rate at which it diminishes require 
special equipment and detailed knowledge of 
the properties of fluorescein and the manner 
of the distribution in blood and tissue fluids 
for interpretation, these are unnecessary in 
the simplified use to which we have put it. 

For several years we have studied radio- 
necrotic ulcerations with fluorescein, using an 
elementary setup of a mercury vapor bulb, a 
Wratten 61 or Wood’s light filter, and a dark 
room. The ultraviolet lamp is turned on, 10 
cubic centimeters of 5 per cent fluorescein 
solution with 5 per cent sodium bicarbonate 
is injected into an antecubital vein, the room 
is darkened, and the lesion is observed for 
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Fig. 2. Diagrammatic cross section of postirradiation 
ulcer, showing depth of penetration of totally and partially 
avascular areas, as outlined by fluorescein study. Zone 1, 
absence of fluorescence, Zone 2, partial fluorescence: Zone 
3, normal, yellow-gold fluorescence. 


only three gross changes: (1) complete absence 
of fluorescence, interpreted as complete devi- 
talization (Zone 1); (2) partial or weak fluor- 
escence, interpreted as partial devitalization 
(Zone 2); (3) normal fluorescence, interpreted 
as normal vascularity (Zone 3). 

Examination of these ulcers with fluorescein 
under filtered ultraviolet light shows them to 
have a central black area corresponding with 
the area of maximal ischemia. After removal 
of the usual exudate covering it, there can be 
found either pale granulation tissue with 
weakly fluorescent points, or nonfluorescent, 
dense, fibrotic tissue. This area of almost 
complete devitalization is surrounded by a 





Fig. 3. a, Right nuchal postirradiation ulcer, which, 
despite multiple local treatment, showed no evidence of 
healing. b, Moderate, but insufficient, excision of ulcer 
has allowed flap to be laid down in area of impaired 
vitality resulting in necrosis. Vascularity study by fluore- 
scein would have showed the size of the vascular defect 
and the approximate size of flap necessary. 
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Fig. 4. Ulcer following laminectomy and 5 full courses of irradiation for spinal cord tumor. a, Initial defect; 
note vertebral spines (June 1941). b, Defect after multiple conservative débridements and zinc peroxide 
. treatment (January 1943). c, Final removal of necrotic tissue and start of plastic procedure (July 1944). d, 
Completion of closure. Under fluorescein study all of Zone 1 could have been outlined and removed at first 


operation. 


weakly fluorescent area corresponding to the 
partially devitalized skin and subcutaneous 
tissue classified as Zone 2, and, in many ulcers, 
extending deeply to the muscle and bone 
(Fig. 1). The fluorescence gradually increases 
away from the lesion until normal is reached. 
Sections of these ulcers in the operating room 
reveal a deep penetration of the completely 
devitalized Zone 1, and a similar deeply pene- 
trating surrounding area of partially devital- 
ized Zone 2 (Fig. 2). 
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Fig. 5. Case 3. Reconstruction of left temporal postirradiation ulcer with residual carcinoma extending to lateral wall 
of orbit and upper lid. Fluorescein studies permitted the major portion of the reconstruction to be carried out in less 
than 2 months, despite osteoradionecrosis. a, Postirradiation defect with extension to upper lid and lateral wall of 
orbit. b, After excision of soft tissue and bone extension and implantation of flap to prevent protrusion of orbital con- 
tents. c, Excision of radionecrotic area and implantation of distal end of tybe into area of good vascularity. d, Tube 
opened and defect closed, 


From a preliminary superficial study the 
repair can be planned and the size of flaps 
estimated. After local control of the infection 
is attempted as outlined in a previous paper 
(3), the surgical toilet of the wound is carried 
out in the operating room. The anesthetist 
injects the fluorescein solution, the room is 
darkened, and the area is viewed under the 
filtered ultraviolet light. In the case of super- 
ficial ulcers, the zones are estimated and are 
marked with indelible pencil, the lights turned 



























on, and the excision carried out. For deeply 
devitalized lesions, frequent observations un- 
der filtered ultraviolet light are made during 
the course of the operation. Those portions 
showing complete devitalization by a total 
absence of yellow gold fluorescence are excised 
in extent to normal fluorescence in skin and 
subcutaneous tissue and in depth to partial 
fluorescence in muscle, etc., unless the area is 
sufficiently superficial, or small, to warrant 
excision of all damaged tissue. In other words, 
all of Zone 1 should be removed and as much 
of Zone 2 as possible unless vital structures 
are involved. In the repair, the principle 
of revascularization is brought into play and 
from a normally fluorescent area a flap ‘is 
bridged over the saucerized defect to another 
normal area, and, when healing is complete, 
the tubed flap is opened and approximated 
laterally to the normally fluorescent sides. 
Throughout the repair, the optimum time for 
transference of pedicled flaps is estimated by 
fluorescein, as outlined by Lange (5). 

Out of a group of several hundred postirra- 
diation ulcers requiring active surgical treat- 
ment during the past ro years, 3 characteristic 
cases are presented to show the advantages of 
diagnostic fluorescein. 

The first is a deep necrotic ulcer (Fig. 3) 
of the scalp. When, after 2 delays, a flap was 
swung to this area, the blood supply was in- 
adequate, and the distal end died (Fig. 3b). 
Fluorescein would have outlined this zone of 
relative avascularity and obviated implanta- 
tion in a devitalized area. 

The second series of pictures shows the re- 
sult of 5 full courses of irradiation for a post- 





FREEMAN: FLUORESCEIN IN TREATMENT OF RADIONECROTIC ULCERS 





569 





laminectomized spinal cord tumor. Because 
of the lack of appreciation of the extent of the 
completely avascular area, the final result 
was not accomplished until after 3 years of 
work. Under fluorescein study, all of Zone 1 
could have been outlined and removed at the 
first operation. 

The last series of pictures shows the com- 
parative rapidity with which knowledge of the 
vascularity as outlined by fluorescein can 
speed up the procedure. The main structural 
correction was carried out in a matter of 
months. 


SUMMARY 


Fluorescein as an agent for determining the 
residual vascularity and extent of deep radio- 
necrotic lesions places on a more objective 
plane the demarcation of devitalized and par- 
tially devitalized tissues. Its use enables the 
surgeon to determine the actual extent, levels, 
and degree of revascularization. The inci- 
dence of failure, as well as the time necessary 
for these multiple staged procedures, is re- 
duced. 
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THE USE OF URECHOLINE IN THE PREVENTION OF 
: POSTOPERATIVE DISTENTION 


CLARENCE E. STAFFORD, M.D., F.A.C.S., ARTHUR I. KUGEL, M.D., and 
ALEXANDER DEDERER, M.D., Los Angeles, California 


BDOMINAL distention is a common 
postoperative problem that distress- 
es both the surgeon and the patient. 
Our present concept, however, of the 

physiology of the autonomic nervous system 
in relation to intestinal atony has done much 
toward progress in the treatment of this im- 
portant complication. Following every ab- 
dominal operation and many surgical pro- 
cedures in other parts of the body, there is ap- 
parently depression of the parasympathetic 
nervous system affecting the gastrointestinal 
tract. This is seen in varying amounts and is 
attributed to the effects of such factors as 
trauma of surgery, shock, anesthetic agents, 
sedative and narcotic drugs. 

During recent years, an increasing number 
of drugs which affect the parasympathetic 
system have been used for the relief of post- 
operative distention (2, 5, 8). These para- 
sympathetic agents can be divided into 2 
groups—the choline esters and physostigmine 
with its related synthetic compounds. The 
choline esters such as acetylcholine, mecholyl 
and doryl act as chemical mediators in stimu- 
lating the receptor cells of smooth muscle. 
The effect of acetycholine, however, is rapidly 
neutralized by the hydrolytic action of cholin- 
esterase, an enzyme present in blood and tis- 
sues. The physostigmine group which in- 
cludes the synthetic compound, prostigmine, 
does not act as a chemical mediator and has 
no direct action on smooth muscle. It inhibits 
cholinesterase and thus allows acetylcholine, 
which is produced in the body, to give more 
prolonged and constant action (1). 

These cholinergic drugs have given good re- 
sults in the treatment of postoperative intes- 


tinal distention, but have some disadvantages 
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(2). In searching the field of synthetic choline 
esters for suitable therapeutic products for 
postoperative distention, a major objective 
has been to find a stable drug with a constant 
action in the body. A second objective has 
been to find derivatives that are free from 
toxic symptoms when used in clinical dosage. 
Finally, attempts have been made to find 
drugs which would have a selective effect on 
smooth muscle of the gastrointestinal tract 
and not on other structures such as the vascu- 
lar and respiratory systems. 

Recent attention has been directed toward 
urecholine (the urethane of beta-methyl- 
choline-chloride) because of its effect in stimu- 
lating gastric motility after vagus resection 
for peptic ulcer (3, 4, 7). This choline deriva- 
tive has a parasympathomimetic action but 
is not destroyed by cholinesterase as is acetyl- 
choline and mecholyl, and it has no undesir- 
able nicotinic action as does doryl (8). When 
administered in therapeutic dosage sublingual- 
ly, orally or subcutaneously, it has little or no 
effect upon heart rate, blood pressure, or periph- 
eral circulation of normal human subjects. 
However, it increases peristalsis, and stimu- 
lates micturition and defecation (8). When 
the drug is given intramuscularly or intra- 
venously, it loses its selective action on the 
gastrointestinal tract and may produce a drop 
in blood pressure with circulatory collapse. 
These effects may be abolished by prompt 
intravenous injection of atropine. 

Because of these pharmacological effects of 
urecholine in producing gastrointestinal stim- 
ulation, it appeared to be a possible remedy for 
intestinal atony, the basis of postoperative 
distention. The clinical value of the drug was 
therefore investigated to determine whether 
its administration to patients would prove to 
be an effective method of overcoming post- 
operative distention with a minimum of side 
effects. 




















METHODS AND MATERIALS 


Observations were made on too patients 
following major surgical procedures, including 
hernioplasty, appendectomy, hysterectomy, 
cholecystectomy, and gastrectomy. Ure- 
choline in dosage of 10 milligrams was given 
routinely by sublingual route, 3 times daily 
beginning the day following surgery. Another 
100 patients, following similar types of su:- 
gery, were observed as controls. This group 
received no routine prophylactic measures to 
prevent gas discomfort. In both groups, the 
patients were classified as: (1) those who had 
no evidence of abdominal distention and re- 
quired no therapy; (2) those who had definite 
gas discomfort and abdominal distention and 
required routine hot packs and special enemas. 

Further observation was made on the use of 
urecholine when administered subcutaneously 
in doses of 5 milligrams. This was given to 
some of the patients in addition to the oral 
medication, when severe gaseous distention 
was present. In every case, the nurse giving 
the injection was cautioned to avoid the intra- 
muscular route of administration in an effort 

‘to decrease the incidence of untoward side 
effects. 
RESULTS 

In the control group, 28 per cent of the pa- 
tients had no evidence of abdominal disten- 
tion, while in the urecholine treated group, 
45 per cent of the patients were apparently free 
from abdominal distention. No undesirable 
side effects were noted in any of the patients 
who received the sublingual administration of 
the drug although the dosage was increased to 
20 milligrams in some cases. 

When urecholine was administered -sub- 
cutaneously in doses of 5 milligrams there 
were cases in which the drug produced the 
passage of flatus and stool as soon as 5 minutes 
after injection. A few of these patients com- 
plained of sweating, nausea, and increase of 
abdominal cramps although these effects were 
not marked and usually subsided within 15 to 
20 minutes. Sweating was the most frequent 
of the untoward effects noted. 


DISCUSSION 


The statistical analysis of this clinical study 
shows a significant difference in the incidence 
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of postoperative distention in the urecholine 
treated group of surgical patients as when 
compared with the nontreated group. The use 
of the drug by the sublingual route has the 
advantage over other drugs of the cholinergic 
group in the simplicity of administration. The 
subcutaneous injection of suitable dosage 
gives a satisfactory therapeutic effect after 
other methods of treatment have failed to 
give relief. 

The therapeutic effect of urecholine has the 
disadvantage of other cholinergic drugs in 
varying considerably with the patient to 
which it is administered. Because of these 
variable effects, it is difficult to standardize a 
routine dosage and in many cases, it must.be 
adjusted for the individual patient in order to 
obtain a satisfactory result. In a few cases 
there is no apparent therapeutic effect and in 
rare instances, the untoward side effects defeat 
the therapeutic usefulness of the drug. 

Certain contraindications to the use of this 
drug should be noted. Urecholine, like other 
choline esters, may exert a bronchoconstrictor 
effect and therefore should be used with ex- 
treme caution in cases with asthma or history 
of allergy. The drug should not be used in the 
presence of acute inflammatory lesions of the 
gastrointestinal tract or associated peritonitis 
where the stimulation of peristalsis may 
spread the infection present. In this series of 
cases the drug was not used following large 
bowel surgery or when peritonitis from any 
cause was present. 

The results of this study would seem to 
indicate that the routine use of urecholine in 
the care of the postsurgical patient has an 
effect in reducing the incidence of abdominal 
distention with a minimum of undesirable 
side effects. 


SUMMARY 


1. Abdominal distention is a common post- 
operative problem. In a series of 100 con- 
trol cases, 72 per cent of the patients com- 
plained of moderate or severe pain due to gas 
distention. 

2. The pharmacological effects of ure- 
choline indicate that this is a suitable drug to 
use in the treatment of postoperative dis- 
tention. 
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3. Toxic reactions following the use of ure- 
choline may be prevented or controlled by 
using specific precautions. 

4. Clinical observations made on too post- 
surgical patients when urecholine was used, 
demonstrate a definite decrease in the inci- 
dence of abdominal distention. 
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A COMPARISON OF PAIN PRODUCED EXPERIMENTALLY 


-IN LOWER ESOPHAGUS, COMMON BILE DUCT, AND 


UPPER SMALL INTESTINE WITH PAIN 


EXPERIENCED BY 


PATIENTS WITH DISEASES OF BILIARY 
TRACT AND PANCREAS 


WILLIAM P. CHAPMAN, M.D., RUDOLFO HERRERA, M.D., and 
CHESTER M. JONES, M.D., Boston, Massachusetts 


HE purpose of this investigation has 

been to compare the localization of 

pain arising from the biliary tract, 

lower esophagus, and proximal por- 
tion of the small intestine. With few excep- 
tions, lesions in these viscera give rise to dis- 
comfort in the upper abdomen, at or near the 
midline. Yet on the basis of the pain locali- 
zation alone it is often impossible to tell clini- 
cally which structure is involved. During the 
study of an individual with known biliary 
tract disease it was noted that balloon dis- 
tention of the duodenum produced pain ap- 
parently identical with that complained of by 
the patient. This observation raised the ques- 
tion whether pain arising from the bile ducts 
and the duodenum may have an identical area 
of localized reference in any given patient. 
Such a possibility is difficult to demonstrate 
clinically for various reasons: 

1. A history of the pain symptom is usually 
not taken with sufficient care to elucidate 
slight variations in the localization of pain. 

2. An evaluation of pain arising from lesions 
of the lower esophagus, biliary tract, or upper 
small intestine would necessitate comparing 
the discomfort in patients usually having only 
one of these lesions. 

3. Individual differences in the angle of the 
costal margin and in the contour of the ab- 
dominal wall make pain localization difficult 
to assess in different patients (7). 
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For these reasons we have felt it preferable 
to study the localization of pain from these 
viscera by stimulation of each of these struc- 
tures in the same individual and mapping out 
the areas of discomfort. 

Clinically certain locations have come to be 
assigned as the area of reference for pain aris- 
ing from lesions of the lower esophagus, biliary 
tract, upper small intestine, and pancreas. 
Disturbances at the lower end of the esopha- 
gus such as hiatus hernia or esophageal ulcer 
usually cause discomfort at the lower end of 
the sternum or tip of the xiphoid with oc- 
casional spread to the back, upper chest, and 
rarely to the left shoulder or left arm (3, 10, 
13). Duodenal ulcer commonly gives rise to 
pain sharply localized to the midepigastrium 
over an area about an inch in diameter, and 
usually nearer the xiphoid than the umbilicus 
(4). Occasionally, in the case of a perforated 
posterior wall ulcer adherent to the pancreas, 
the discomfort may be felt only in the back and 
has even been known to be present only in the 
left arm (8, 20). Initially the pain of acute 
cholecystitis, cholelithiasis, and choledocholi- 
thiasis may start in the midepigastrium, re- 
main there, or radiate around the right costal 
margin to the right scapula. Less commonly 
the pain may radiate into the left epigastrium 
or through to the back. In many instances the 
initial site of pain from the biliary tract may 
be in the right upper quadrant and very oc- 
casionally in the right lower quadrant (5). 
Pancreatic pain is localized in the epigastrium 
commonly just left of the midline with occa- 
sional reference to left subscapular area (6). 
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These clinical impressions of the localization 
of pain arising from these viscera have been 
substantiated in certain instances by experi- 
mental studies. Jones found that distention 
of the cardiac end of the esophagus produced 
discomfort in the midline beneath the lower 
sternum or in the epigastrium just below the 
xiphoid (11). He also observed that this pro- 
cedure gave rise in the rare patient to pain in 
the left postauricular area, the angle of the 
left jaw, and down the left arm (13). The 
localization of pain from distention of the 
duodenum depended somewhat on the area 
stimulated, the pain being high in the epi- 
gastrium on stimulation of the duodenal cap 
and moving nearer to the umbilicus when the 
duodenojejunal junction was distended (12). 
Layne and Bergh, Zollinger, and others found 
that distention of the gall bladder and com- 
mon duct produced severe epigastric distress 
as well as right upper quadrant pain with ra- 
diation to the back (15, 16, 22). 

In this investigation we have employed 
these same experimental techniques to test all 
of these viscera in the same patient. Our ob- 
servations have been of two kinds: 

1. A comparison of the pain experienced 
from distention of the lower third of the esoph- 
agus, common duct, and upper small intestine 
(duodenum or jejunum or both areas) in each 
of our patients. 

2. A comparison of the experimentally in- 
duced pain arising from each viscus with the 
clinical pain noted by a given patient.! 

Nine patients were studied, all of whom 
were convalescing from a common duct ex- 
ploration. Six patients had biliary tract cal- 
culi and 2 had chronic pancreatitis. One pa- 
tient had had a recurrence of symptoms simi- 
lar to those existing prior to removal of a stone 
in the common duct. 


METHOD 


Experimental pain was produced by dis- 
tention of the common duct, the cardiac end of 
the esophagus, and the duodenum or upper jeju- 
num. The esophagus and upper small bowel 
were stimulated by air inflation of a calibrated 


1Throughout this paper the term clinical pain is used to signify 
the pain of which the patient complained, arising from his lesion, 
as contrasted to the induced or experimental pain elicited by 
mechanical distention. 
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balloon of a Miller-Abbott tube. The common 
duct was distended by two methods: (1) water 
was run rapidly through the catheter left in 
the common duct at operation; (2) in 3 pa- 
tients the common duct was also stimulated 
by air inflation of a small balloon attached to 
a ureteral catheter. This catheter was thread- 
ed through the intracholedochal tube at oper- 
ation in such a manner that the balloon was 
lying freely in the common duct itself. The 
procedure of balloon distention of the esopha- 
gus or duodenum was carried out under fluoro- 
scopic observation so that the position of the 
balloons could at all times be determined. In 
the esophagus, duodenum, or jejunum, air was 
introduced into the balloon at a uniform rate 
of from 2 to 4 cubic centimeters per second 
until the subject reported an uncomfortable 
sensation. The total amount of air required to 
produce pain was from 4o to 120 cubic centi- 
meters for the small intestine and from 15 to 
30 cubic centimeters for the esophagus. Fluid 
distention of the common duct consisted of 
running in sterile saline by sudden elevation of 
a feeding flask, the amount of pressure being 
recorded on a water manometer calibrated in 
inches. When a ureteral catheter was used, 
the balloon was inflated with 8 to 10 cubic 
centimeters of air which on all occasions was 
sufficient to produce pain. The similarity in 
the pain elicited by the ureteral catheter bal- 
loon and by distention with saline infusion of 
the common duct together with the small 
quantity of fluid displacement required to 
cause pain by the latter procedure made it 
seem unlikely that the infusion method was 
producing discomfort by the escape of fluid 
into the duodenum. A cholangiogram with 
hippuran was performed about 48 hours prior 
to the visceral distention studies to establish 
the patency of the biliary tree. Although it 
was possible to increase the intensity of the 
experimental pain by increasing the balloon 
distention or the rate of flow of saline through 
the common duct, this intensification of the 
stimulus was not attempted routinely. Be- 
fore the experiments. were started, the sub- 
jects were asked to state accurately the po- 
sition and distribution of their clinical pain 
and to describe its quality and radiation. The 
experimentally produced pain was recorded as: 
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Fig. 1. Case 1. 


TABLE I.—PAIN STUDY, 
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Fig. 2. Case 2. 


TABLE II.—PAIN STUDY 
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Fig. 3. Case 3. 
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TABLE III.—PAIN STUDY, 





















































CASE I CASE 2 CASE 3 
Location Quality Location Quality Location Quality 
P. Clinical | Right-sided, | Deep seated, Right upper i” Midepigastric, | Deep seated, 
pain midabdomen colicky quadrant and P. Clinical radiating “like knotting 
: epigastrium pain straight of muscles” 
P. Clinical | with radiatien| Deep seated, through to 
Experimental pain to left upper sharp the back 
pain quadrant and - —_ - 
around the Experimental 
a. From com- | Right-sided, | Deep seated, left side to pain 
mon duct midabdo- colicky the — 
men a. From com- | Same as P Same 
Experimental mon duct with 
- pain radiation 
b. From Right-sided, | Deep seated, —--- 
duod idabd colicky a. From com- | Same as P Deep seated, b. From Same as P Same 
men mon duct but without | sharp duodenum with — 
radiation radiation 
c. From upper | Right-sided, | Deep seated, - 
jejunum midabdo- colicky b. From Same as P Deep seated, c. From upper| Same as P Same 
men duodenum with sharp jejunum with — 
radiation radiation 
d. From lower | Substernal Deep seated, 
esophagus between 2nd| burning c. From lower | Same as P Deep seated, d. From lower | Same as P Same 
and 3rd in- esophagus but without | burning esophagus without 
terspaces radiation radiation 


























Common duct stimulation and distention of 
the upper small intestine produced similar pain 
which was also like the clinical pain. Lower 
esophageal distention produced pain in a differ- 
ent area. 


tention 


either ra 


1. The subject was asked to report any sen- 
sation. 

2. He was asked to outline with one finger 
the area of any sensation experienced. 

3. He was asked to describe the quality, 
intensity, depth, and radiation of the sensa- 
tion and to compare such sensation with his 
clinical pain. 

In each viscus studied, the test was re- 
peated at least three times. Before each ex- 
periment the patients were free of clinical 
pain or other discomfort. Precaution was also 
taken at all times not to let the patient know 
which viscus was being stimulated. Aside 


Only duodenal stimulation reproduced the 

clinical pew completely. Common duct dis- 

ailed to produce the 

Lower —— stimulation failed to produce 
jation or the quality of discomfort. 


All areas stimulated gave rise to the same 
pain which was also similar to the clinical pain 
except for the lower esophageal stimulation 
which did not produce radiation of the discom- 
fort straight through to the back. 


pain radiation. 


from the discomfort caused by the tugging of 
the tube in the patient’s throat when the 
lower esophagus was being distended, it was 
possible to keep an individual unaware of any 
alteration of the experimental situation. 


EXPERIMENTAL RESULTS 


The results of experimental distention of 
the lower esophagus, common duct, and upper 
small intestine are presented in tabular form 
for each patient, along with a short history of 
each case. In each table the characteristics of 
the clinical pain are presented first. Follow- 
ing this the results of experimental stimulation 
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are presented with the viscus stimulated indi- 
cated in the left-hand column, the location of 
pain in the middle column and in the sketch, 
and the quality of the sensation elicited indi- 
cated in the right-hand column. 


Experiment 1. CASE 1. L. B. (M.G.H. No. 520066.) 
A 57 year old housewife entered the hospital on Feb- 
ruary 22, 1946, with colicky right midabdominal pain 
and icterus of 1 week’s duration. Past history was es- 
sentially noncontributory. Physical examination 
was negative except for mild icterus and midabdom- 
inal tenderness, maximal on the right side. Labor- 
atory studies revealed: 

Van den Bergh 1.2/1.9 milligrams per cent; pro- 
thrombin time 28 seconds (normal 19-22); Graham 
test showed a functioning gall bladder which was 
full of stones. 

Cholecystectomy and choledochostomy were 
performed on March 15, 1946. Stones were found to 
be present in both the gall bladder and the common 
duct although the latter was normal in size. The 
ampulla of Vater was dilated to a diameter of 4 milli- 
meters. A T tube was inserted into the common 
duct. Cholangiograms made at the time of operation 
and on the tenth postoperative day showed a patent 
ampulla and no stones. 

Diagnosis: cholelithiasis and choledocholithiasis. 

The patient remained asymptomatic throughout a 
15 month postoperative period. Pain studies were 
performed on March 29, 1946 and are shown in 
Figure 1 and Table I. 

Experiment 2. CaSE 2. A. LaS. (M.G.H. No. 
516436.) A 44 year old housewife entered the hos- 
pital on April 9, 1946, with intermittent sharp epi- 
gastric pain, of 15 years’ duration, without jaundice 
or food intolerance. 

Physical examination was negative except for a 
right lower quadrant appendectomy scar. There was 
no abdominal] tenderness. Laboratory examination 
was negative except for Graham test which showed 
a nonfunctioning gall bladder. 

Cholecystectomy and choledochostomy were per- 
formed on April 15, 1946. Three small stones were 
found to be impacted in the ampulla of the gall 
bladder and in the cystic duct, but none were found 
in the common duct. The ampulla of Vater was 
dilated to a diameter of 5 millimeters. A T tube 
was inserted into the common duct. 

Diagnosis: cholelithiasis. 

The patient was asymptomatic throughout an 8 
month postoperative period. Pain studies were 
performed on April 28, 1946 and are shown in 
Figure 2 and Table II. 

Experiment 3. Case 3. M. H. (M.G.H. No. 
118739.) A 42 year old housewife entered the hos- 
pital on April 13, 1946, with midepigastric pain of 
24 hours’ duration which began one-half hour after 
eating an egg. A similar attack had occurred 5 
months previously. There was a definite history of 
fat intolerance but not of jaundice. Physical exami- 
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nation revealed moderate right epigastric tenderness 
and spasm. Laboratory findings: van den Bergh, 
0.9/1.2 milligram per cent; serum amylase, 44 units 
(normal up to 35 units). 

Cholecystectomy and choledochostomy were per- 
formed on April 14, 1946. An edematous pancreas 
was found and two stones were impacted in the 
cystic duct. The common duct was twice normal 
size but without stones. The ampulla was dilated up 
to a diameter of 8 millimeters. A T tube was in- 
serted into the common duct. 

Diagnosis: cholelithiasis and mild pancreatitis. 

The patient was‘ asymptomatic throughout a 14 
month postoperative period after which she had some 
epigastric distress. Pain studies were performed on 
April 26, 1946 and are shown in Figure 3 and Table 
III. 


Experiment 4. CASE 4. M. R. (M.G.H. No. 
466120.) A 43 year old widow entered the hospital 
on November 5, 1945, with intermittent, severe 
epigastric pain of 11 years’ duration. During the 
last year preoperatively the pain radiated through- 
out the entire abdomen and to the back. She gave 
no history of jaundice or food intolerance. Physical 
examination revealed marked midepigastric tender- 
ness. The Graham test showed good dye concen- 
tration and innumerable small stones in the gall 
bladder. White blood count, gastrointestinal roent- 
genogram, stool examination, and serum amylase 
were within normal limits. 

Cholecystectomy and choledochostomy were per- 
formed on November 24, 1945. The gall bladder was 
filled with small stones. The common duct and pan- 
creas were normal. The ampulla was dilated up toa 
diameter of 5 millimeters and a whistle-tip catheter 
was inserted. On the tenth postoperative day a 
cholangiogram reproduced the patient’s preopera- 
tive pain and showed no obstruction. 

Diagnosis: cholelithiasis. 

The patient was asymptomatic until 8 months 
postoperatively when some food intolerance and 
headaches occurred. Pain studies were performed on 
December 5, 1945 and are shown in Figure 4 and 
Table IV. 

Experiment 5. Case 5. S. S. (M.G.H. No. 
519120.) A 30 year old housewife entered the hos- 
pital on March 18, 1946, with a 2 months’ history of 
intermittent, crampy, left epigastric pain associated 
with nausea and vomiting. There was no history of 
food intolerance, clay stools, or jaundice. Physical 
examination was negative except for generalized 
abdominal tenderness most marked in left upper 
quadrant, and rebound tenderness in left upper 
quadrant. Urinalysis, blood hemoglobin and cell 
counts, and gastrointestinal roentgenogram were 
within normal limits; van den Bergh 0.5/1.1 milli- 
gram per cent and 0.9/1.6 milligram per cent; serum 
amylase, 38 units and 34 units; prothrombin time, 
25 seconds (normal 19-22). Two Graham tests gave 
“unsatisfactory visualization” of the gall bladder. 

Choledochostomy was done on March 25, 1946. 
The gall bladder was normal in appearance. The 
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Fig. 4. Case 4. Fig. 5. Case 5. Fig. 6. Case 6. 
TABLE IV.—PAIN STUDY, TABLE V.—PAIN STUDY, TABLE VI.—PAIN STUDY, 
CASE 4 CASE 5 CASE 6 
Location Quality Location Quality Location Quality 
Deep seated, P. Clinical Epigastric just Deep P. Clinical Epigastric Deep 
Epigastric, | excruciating pain to left of midline | seated, pain radiating to seated, 
, radiating to “ache like crampy back and to dull, 
P. Clinical | back andover| something both lower aching 
pain entire abdo- kicking quadrants 
men around Experimental 
inside” pain Experimental 
7 pain 
Experimental — -- 
pain a. From common} Same as P Same a. From common] Same as P Same 
duct duct distention} including 
a. Fromcom- | Same as P Same with fluid radiation 
mon duct with 
radiation b. From common} Same as P Same 
b. From Same as P Same duct distention| including 
b. From Same as P Same duodenum with balloon radiation 
duodenum with — 
radiation c. From pylorus | Same as P with | Same 
and duodenum] radiation to 
c. From upper} Same as P Same c. From upper Same as P Same back but with- 
jejunum with jejunum out radiation 
radiation to lower 
quadrants 
d. From Same as P Same d. From lower | Same as P Same d. From lower | Same as P Same 
esophagus with | esophagus esophagus including all 
radiation radiation 























Stimulation of all areas produced identical 
pain which was similar in type ‘to the clinical 


pain. pain. 


common duct contained no stones but was found to 
be dilated. The pancreas was indurated with fat 
necrosis present near the ligament of Treitz. The 
ampulla was dilated to a diameter of 8 milli- 
meters and a T tube was inserted into the common 
duct. Cholangiogram on the 14th postoperative day 
showed filling of Wirsung’s duct with simultaneous 
reproduction of patient’s “old pain’’; there was no 
obstruction to the flow of the dye into the duodenum. 

Diagnosis: chronic pancreatitis. 

It was decided to use prolonged choledochal drain- 
age. The patient was asymptomatic until the T tube 
was accidentally removed 2 months later by the 
patient; after this time the ‘‘old pain” has recurred 
at irregular intervals. Pain studies were performed 
on April 23, 1946 and are shown in Figure 5 and 
Table V. 





Stimulation of all areas reproduced identical 
pain which was similar in type to the clinical 


Except for the duodenum or pylorus, stimu- 
lation of all areas produced identical pain which 
was similar to the clinical pain. Duodenal or 
pyloric distention pain was different only in 
its lack of radiation to the lower quadrants. 


Experiment 6. Case 6. K.P. (M.G.H. No. 
507593.) A 68 year old housewife entered the hos- 
pital on October 23, 1945, with intermittent upper 
midabdominal pain of 19 months’ duration with oc- 
casional nausea, but no vomiting, food intolerance, 
jaundice, or acholic stools. The pain radiated to the 
lower abdomen and back when severe. Physical 
examination was negative except for a right mid- 
abdomine] scar as a result of an old appendectomy, 
and slight generalized abdominal tenderness. Urin- 
alysis, blood counts, hemoglobin, blood chemistry, 
prothrombin time, and gastrointestinal roentgeno- 
gram were essentially normal. Two Graham tests 
showed no dye in the region of the gall bladder. Pre- 
operative balloon distention of the esophagus, duo- 
denum, and upper jejunum reproduced pain which 
was identical in location and character, and which 
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also was similar to the clinical pain which the patient 
suffered. 

Choledochostomy was performed on November 
15,1945. No gall bladder, cystic duct, or gall bladder 
fossa were found. The common duct was found to be 
dilated and contained multiple large stones which 
were removed. The ampulla of Vater was dilated. 
A T tube was inserted into the common duct. Cho- 
langiogram was done on the 12th postoperative day 
and no evidence of obstruction was seen. 

Diagnosis: Choledocholithiasis, agenesis of the 
gall bladder. 

The patient was asymptomatic throughout an 18 
month postoperative period. Pain studies were per- 
formed on November 28, 1945 and are shown in 
Figure 6 and Table VI. 

Experiment 7. CASE 7. M. W. (M.G.H. No. 
102749.) A 78 year old veteran of the French For- 
eign Legion entered the hospital on May 2, 1946, 
with epigastric pain coming on after eating and 
present for 2 weeks, sometimes associated with 
chills and fever. Five months previously he had had 
a cholecystostomy following 1 week of similar pain. 
From then up to the present illness he had been dis- 
charging stones and bile intermittently from a per- 
sistent sinus tract in the right upper abdomen, but 
this tract had remained closed for the 10 days pre- 
ceding readmission. 

Physical examination revealed slight icterus, ankle 
edema, orthopnea, and slight right upper quadrant 
abdominal tenderness. There also was a right sub- 
costal operative scar with a hernia and a subcutan- 
eous stone. The white blood count was normal; 
serum amylase, 150 units; van den Bergh, 0.6/1.0 
milligram per cent. 

Cholecystectomy and choledochostomy were done 
on May 7, 1946. The gall bladder was shrunken, had 
fat necrosis on its surface and contained several 
small stones. The common duct was enlarged but 
contained no stones. The pancreas was swollen and 
edematous. The ampulla was dilated. A T tube and 
a ureteral catheter with balloon were inserted into 
the common duct. On the 12th postoperative day 
cholangiography reproduced the patient’s pre- 
operative pain but was otherwise negative. 

Diagnosis: cholelithiasis, cholecystitis and pan- 
creatitis. 

Eight months following operation the patient had 
recurrence of high epigastric pain at which time a 1.5 
centimeter gastric ulcer was demonstrated on the 
posterior aspect of the body of the stomach. His 
symptoms responded favorably to medical treat- 
ment, and the ulcer was no longer visible on gastro- 
intestinal roentgenogram. His status at 16 months 
following operation is not known. Pain studies were 
performed on May 20, 1946 and are shown in Figure 
7 and Table VII. 

Experiment 8. Case 8. A. D’A. (M.G.H. No. 
20456.) A 54 year old male entered the hospital on 
June 4, 1946, with recurrent left epigastric pain for 
which he had a subtotal gastric resection. 7 years 
previously. Pathological report was “carcinoma in 
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situ.” In addition a sterile abscess had been found 
in the head of the pancreas and a diagnosis of pan- 
creatitis had been established. His pain continued 
intermittently until the present admission. No 
history of jaundice, clay-colored stools, or icterus 
could be elicited. 

Physical examination was negative except for a 
left upper paramedian scar and slight tenderness in 
the left upper quadrant. Laboratory study revealed 
intermittent elevation of white blood count and van 
den Bergh. A gastrointestinal roentgenogram show- 
ed calcification of the pancreas but no other lesion. 
Several Graham tests were inconclusive. Serum amy- 
lase, blood lipase, and urine diastase were elevated. 

Cholecystectomy and choledochostomy were per- 
formed on June 18, 1946. The gall bladder was 
normal. The common duct contained no stones, was 
2.5 centimeters in diameter and had a constriction in 
its distalend. The pancreas was markedly indurated. 
A 3 millimeter diameter dilator was passed through 
the ampulla with difficulty and a T tube with in- 
lying ureteral catheter balloon was left in the dilated 
portion of the common duct. 

Diagnosis: chronic calcified pancreatitis. 

Eight months after operation the patient con- 
tinued to have pain until he underwent a left tho- 
racolumbar sympathectomy on January 18, 1947. 
Following sympathectomy he has remained free of 
pain for 22 months. Pain studies were performed on 
July 14, 1946 prior to the sympathectomy and are 
shown in Figure 8 and Table VIII. 

Experiment 9. CasE 9. M. A. (M.G.H. No. 
256225.) A 49 year old housewife entered the hos- 
pital on December 12, 1944, with intermittent epi- 
gastric pain, anorexia, nausea and vomiting of 15 
years’ duration. Twenty-six years previously, for 
this same complaint, she had had a cholecystostomy, 
then a cholecystectomy and choledochostomy with- 
out relief. Stones were said to have been found in 
the common duct. Because of the same symptoms 
since then she had had two more operations for 
pyloroplasty and choledochostomy without any 
abnormal condition being found in the common 
duct, and a T tube had been left in the common duct 
for 6 months without improvement. 

Physical examination was negative, essentially, 
except for tenderness in the right epigastrium and 
several abdominal surgical scars. Serum examina- 
tions, blood chemistry, electrocardiogram, roent- 
genogram of spine, barium enema, gastrointestinal 
roentgenogram, and intravenous pyelogram were 
within normal limits except for a duodenal diver- 
ticulum and “fixation” of the duodenum. 

Diagnosis: biliary dyskinesia. 

Bilateral sympathectomy (Dg to D12 inclusive), 
with removal and resection of the great splanchnic 
nerves was performed on January 24, 1945. Nine 
months later the patient had had four mild attacks 
of left upper quadrant pain, although the previous 
right-sided pain had not recurred. Pain studies were 
performed on January 4, 1945 prior to sympathec- 
tomy and are shown in Figure 9 and Table IX. 
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Fig. 7. Case 7. Fig. 8. Case 8. Fig. 9. Case 9. 
TABLE VII.—PAIN STUDY, TABLE VIII.—PAIN STUDY, TABLE IX.—PAIN STUDY, 
CASE 7 CASE 8 CASE 9 
Location Quality Location Quality Location Quality 
P.. bigastric Deep Left epigas- Deep 
ting up Seated ’ tric radiating | seated, : ° Deep 
to 3rd inter- | “acute P. Clinical pain | down to both | burning = ; Epigastric seated, 
P. Clinical pain | costal space burning lower quad- P. Clinical pain to right of | sharp ach- 
substernally pain rants midline ing pain 
and down to 
umbilicus —_—_—_—_ 
Experimental Experimental 
Experimental pain pain 
pain — 
a. From common | Same as P Same 
a. From common | Same as P Same duct distention | without 
duct distention | without with flui radiation —— ~~ =| —~ —--— —--- 
with fluid radiation a. From common | Same as P Same 
b. From common | Same as P Same uct 
b. From common | Same as P Same duct distention | without 
duct distention | with with balloon radiation 
with balloon radiation — - - 
c. From up; Same as P Same b. From Same as P Same 
c. From Same as P Same jejunum Piistal without duodenum 
duodenum with — to gastro- radiation 
radiation enterostomy 
d. From lower In throat “Choking d. From lower Subxiphoid Same c. From Same as P Same 
esop) only and — esophagus esophagus 
tugging” 























Distention of the common duct with the 
ureteral balloon and of the duodenum repro- 
duced identical pain which was similar to the 
patient’s pain. wer esophageal stimulation 
gave rise only to choking sensation in throat. 


absence of radiation. 


SUMMARY OF RESULTS 


A. Comparison of pain experimentally in- 
duced from the lower esophagus, common duct 
and upper small intestine. As shown in the 
individual charts and as summarized in Table 
X it was found that there were certain simi- 
larities in the pain induced by distention of 
different viscera in the same patient in terms 
of location, radiation, quality, and intensity. 
It should be pointed out, however, that the 
amount of distention necessary to elicit pain 
of comparable intensity varied considerably 
from patient to patient. 


All areas stimulated except the lower esoph- 
= gave rise to the same ‘Pain which was 
entical with the clinical pain except for the 


Stimulation of all areas reproduced identical 
pain which was similar in type to the clinical 
pain. 


Distention of the duodenum and of the up- 
per jejunum produced an identical type of 
pain in all 5 patients so tested. By identical 
pain is meant discomfort which was indis- 
tinguishable as regards quality, location, in- 
tensity and radiation. Distention of the upper 
small intestine (duodenum or jejunum) and 
of the common bile duct produced identical 
pain in 7 out of 9 patients. In the 2 remaining 
patients the difference was one of radiation 
only. When distention of the lower esophagus 
was included in the comparison, the similarity 
of the pain was less striking. Five patients 
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TABLE X.—COMPARISON OF PAIN EXPERIMEN- 
TALLY PRODUCED IN UPPER ABDOMINAL 























VISCERA 
No. of cases 
Total A No. of cases 
Viscera stimulated cases pence 0 a where pains 
tinguishable*| "ere different 
Esophagus, upper small intestine 9 3 6 
and common duct 
Esophagus and upper small intes- 9 3 6 
tine 
Esophagus and common duct rs) 5 4 
— small intestine and common| 9 7 at 
uct 
Duodenum and jejunum 5 5 ° 














*Indistinguishable as to quality, location, intensity, radiation. 
tPain was the same except for a difference in radiation. 


felt that pain produced from the common 
duct and from the lower esophagus was in- 
distinguishable, and 4 patients felt that the 
pain was different. Pain induced by lower 
esophageal distention was the same as that 
produced in the upper small intestine in 3 pa- 
tients and was different in 6 patients. Thus it 
can be seen that pain from stimulation of all 
three areas was the same in 3 patients, while 
in the 6 other patients the pain was not com- 
parable. 

B. Comparison of the patients’ clinical pain 
with the experimentally induced pain. Pain in 6 
patients was presumably due to disease of 
the biliary tract and in 2 patients it was ap- 
parently due to pancreatitis. One patient, 
Case 9, was having a recurrence of epigastric 
pain for which she states that she had a gall 
stone removed 26 years previously. 

Seven patients felt that their clinical pain 
was reproducible both by distention of the 
common duct and by distention of the upper 
small intestine (Table XI). By reproducibil- 
ity is meant pain which was similar as to 
quality, location, and radiation. In certain 
instances, possible damage to the structures 
did not warrant our attempting to induce 
pain of comparable intensity to the clinical 
pain. Two patients felt that pain from dis- 
tention of the common duct and upper small 
intestine areas was the same as their clinical 
pain except for its radiation. In 4 of 9 patients 
distention of the lower end of the esophagus 
produced pain similar to the clinical pain. The 
chief difference in the esophageal distention 
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TABLE XI.—REPRODUCTION OF CLINICAL PAIN 
OF BILIARY TRACT AND PANCREATIC ORIGIN 
BY MECHANICAL STIMULATION OF COMMON 
DUCT, DUODENUM, JEJUNUM, AND LOWER 
ESOPHAGUS 








No. of cases where} No. of cases where 


Viscareatinnlatell Total | experimental pain} experimental pain 




















cot | Gaaicel peie® | from clinical pele 
Common duct 9 7 at 
Upper small intestine * 9 7 2t 
Esophagus 9 4 5 





*Same in quality, location, and radiation. _ i 
tPain was the same except for a difference in radiation. 


pain from the clinical pain noted in the 5 
other patients was one of location, the dis- 
comfort from the balloon distention being lo- 
cated somewhat higher in the epigastrium 
than their own pain complaint. 

Discussion. Data have been presented 
which compare the results of stimulating the 
common duct, upper small intestine, and 
esophagus in each of g patients who had had 
an exploration of the common duct. The dis- 
comfort from distention of these various vis- 
cera has also been compared to the clinical 
pain in these patients, in 7 of whom the pain 
was apparently due to a disturbance of the 
biliary tract and in 2, to pancreatitis. These 
studies have confirmed the results of Zolling- 
er, McGowan and associates, of Layne and 
Bergh and others which have shown that epi- 
gastric and right upper quadrant pain with 
radiation to the back are produced by dis- 
tention of the common duct (15, 16, 22). By 
distention of the common duct we were able 
to produce pain in the midepigastrium and in 
the right upper quadrant as well as discomfort 
radiating to the back. The fact that disten- 
tion of the common duct could produce pain 
identical to that caused by distention of the 
duodenum or jejunum in a majority of our 
cases has not, so far as we are aware, been 
previously reported. 

These studies have also shown that while 
distention of the lower end of the esophagus 
usually produces subxiphoid or high epigastric 
pain, as demonstrated by Jones (11), this pro- 
cedure may in some patients give rise to pain 
lower in the epigastrium which is indistin- 
guishable from the pain experienced from dis- 








fo O<et 2 2 PO et kh we Oo 


— a 











CHAPMAN et AL.: COMPARISON OF BILIARY TRACT AND EXPERIMENTAL PAIN 581 


tention of the common duct or upper small in- 
testine. It may be that this lower reference of 
pain from distention of the lower esophagus 
could be accounted for by the fact that our 
patients had organic disease. 

We have also shown that our patients’ cli- 
nical pain could be reproduced experimentally 
in all respects (in 7 of 9 patients) by disten- 
tion of the common bile duct or of the upper 
small bowel and in some patients even by dis- 
tention of the lower esophagus. 

The striking degree of similarity between 
each of the g patients with respect to pain ex- 
perienced from distention of the common duct 
and upper small intestine emphasizes how dif- 
ficult it may be to distinguish on the basis of 
the pain reference or from the quality of the 
pain whether upper abdominal discomfort is 
arising from the biliary tract or from the upper 
small bowel. The fact that 2 patients with 
pancreatitis had their pain reproduced by 
stimulation of these structures emphasizes 
that this disease entity is likewise difficult to 
distinguish from disturbances of biliary and 
upper gastrointestinal tracts on the basis of 
the pain reference and quality of pain. It is 
worthy of note that the clinical pain, pre- 
sumably from the biliary tract, in Case 1, was 
located in the right lower quadrant somewhat 
below the level of the umbilicus and that it 
was reproducible by balloon distention of the 
common duct and of the duodenum. This lo- 
calization though atypical probably represents 
pain of biliary tract origin inasmuch as the pa- 
tient has been asymptomatic for 15 months 
following cholecystectomy and inasmuch as 
the pain was reproducible by distention of the 
common duct. 

A possible explanation for the similarity in 
the pain elicited from stimulation of the com- 
mon duct and upper small intestine is that 
these structures as well as the pancreas have 
final common sensory pathways, namely, the 
visceral afferent fibers traveling in the great 
splanchnic nerves and over the lower thoracic 
sympathetic ganglia (14, 21). Smithwick and 
White, Craig, Archibald, Scrimger, and Grim- 
son have all been able to abolish pain of the 
so called postcholecystectomy syndrome which 
is assumed to have its origin in the biliary 
tract by resection of the great splanchnic 


nerves and of the lower thoracic ganglia (1, 8, 
9,17, 19). It has also been shown that section 
of these pathways likewise abolishes pain from 
balloon distention of the duodenum and upper 
jejunum (2). To what extent the great 
splanchnic nerves and the lower thoracic 
sympathetic ganglia conduct pain from the 
lower esophagus will be the subject of a sub- 
sequent communication. 

It is appreciated that pain of visceral origin 
may be ill-defined and difficult of localization. 
However, the regularity with which each pa- 
tient recognized the similarity of pains in- 
duced experimentally in different structures 
and their close resemblance to the clinical 
pain made us feel that the balloon distention 
procedure is a reliable method of investigat- 
ing visceral pain mechanisms. Moreover, in 
certain instances the balloon procedure may 
help to clarify difficult diagnostic problems. 
Recently a patient came to our attention who 
complained of midepigastric pain which had 
recurred following a cholecystectomy. There 
was no Clinical or laboratory evidence of com- 
mon duct pathology. The only positive find- 
ing was a hiatus hernia. Balloon distention of 
the duodenum reproduced the exact location 
of the pain whereas distention of the cardiac 
end of the esophagus produced epigastric pain 
about 1 inch higher than the patient’s com- 
plaint. At operation a stone was found and 
removed from the common duct. The relief 
of pain since operation is highly suggestive 
that the origin of the discomfort in this pa- 
tient was from the common duct and not the 
hiatus hernia. The balloon distention pro- 
cedure was felt to be helpful in identifying the 
origin of pain in this patient. 


SUMMARY 


1. A comparison of pain experimentally in- 
duced by distention of the lower esophagus, 
common bile duct, and upper small intestine 
has been made in each of g patients. The ex- 
perimentally induced pain from these struc- 
tures was also compared to the clinical pain in 
these patients, 7 having biliary tract disease 
and 2, pancreatitis. 

2. Pain from distention of the common duct 
and upper small intestine was the same in 7 
patients and different in 2 patients. When the 
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lower esophagus was included in the compari- 
son, the similarity of pain was less striking; 
distention of all three viscera produced 
identical pain in only 3 patients. 

3. Distention of the common duct and up- 
per small intestine reproduced the clinical 
pain in 7 of g patients; distention of the 
lower esophagus, in 3 of 9 patients. 

4. The striking similarity of pain induced 
from stimulation of (1) the common duct and 
upper small intestine and of (2) the experi- 
mentally induced pain to the pain of biliary 
tract disease and pancreatitis emphasizes how 
difficult it may be to distinguish between 
disturbances of these upper abdominal struc- 
tures on the basis of the pain symptoms alone. 

5. It is suggested that the similarity of the 
pain from the viscera studied may be due to 
their having a common sensory supply, the 
great splanchnic and lower thoracic sympa- 
thetic nerves. 
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THE LOCAL AND SYSTEMIC EFFECTS OF 


CHRONIC ULCERATIONS 


LOUIS T. BYARS, M.D., F.A.C.S., and GORDON S. LETTERMAN, M.D., St. Louis Missouri 


HE care and management of acute, 

chronic, and recurrent skin ulcers 

constitute a surgical problem com- 

plicated by numerous physiologic and 
clinical variations. The successful therapeutic 
approach and well planned surgical procedure 
depend largely upon the understanding and 
attempted correction of these fundamental 
disturbances. Infection, general debilitation, 
hypoproteinemia, anemia, and chronic shock 
occur as complications. The most vigorous 
treatment, aimed at the prevention and cor- 
rection of these factors, in many instances will 
retard rather than stop the patient’s down- 
ward course. The only satisfactory final solu- 
tion to the ulcer problem is the attainment of 
a well healed wound at the earliest possible 
moment (Table I). 

Ulcers result commonly from burns, circula- 
tory lesions, chronic bacterial infections, neu- 
rogenic disturbances, malignancies, and va- 
rious forms of trauma. The wounds of a 
patient with full thickness loss of skin over a 
large area may react in one of the following 
ways (1): (1) The wound may show extreme 
epithelial activity in that there is a piling up 
of keratin at the margin without progress, or 
there is a hopelessly slow extension of the 
epithelial edge across the wound (Fig. 1). (2) 
The wound may show no epithelial response 
whatever to the wound stimulus, and with the 
continual loss of body fluids and increasing 
debilitation, the outcome may be fatal (Fig. 2). 
(3) The wound may heal completely only to 
break down repeatedly following insignificant 
trauma or limited activity of the patient. The 
constant wound stimulus of tension and in- 
flammation sometimes causes excessive kera- 
tin formation. While this type of wound 
rarely becomes malignant, it may do so but at 
a late date (Fig. 3). (4) Even small deep 
wounds, if allowed to remain in a dirty condi- 


From the Department of Surgery, Washington University 
School of Medicine, St. Louis, Missouri. 


583 


tion and if pain is permitted to go uncontrol- 
led, may cause debilitation and marked dis- 
ability may result. The loss of a small area of 
full thickness skin over a critical area, such as 
an eyelid or hand, may produce a serious de- 
formity. The small unhealed ulcer resulting 
from circulatory disturbances or chronic infec- 
tion, commonly seen on the lower extremity, 
may result in a major economic and physical 
handicap to the patient (Fig. 4). Observation 
of many patients who have received dilatory 
treatment has emphasized the hopelessness of 
such management (Fig. 5); an understanding 
of the systemic and local factors involved does 
much to further this realization. 


LOCAL FACTORS IN WOUND HEALING 


Loss of a partial thickness of skin should be 
followed by quick healing, since epithelial re- 
generation takes places from the deeper ele- 
ments which persist. This type of healing 
must not be confused with the problem in- 
volved when a full thickness of skin has been 
lost. In such cases healing progresses by 2 
processes. First there is an epithelial ingrowth 
from the remaining intact skin at the margins 
of the wound. Initial epithelization is rapid. 
However, progress is slowed as the epithelial 
border gets farther and farther from the mar- 
gin of normal skin. The first regenerated 
epithelium may be of fair quality, but it be- 
comes progressively poorer; eventually it is 
only a few cells in thickness, its base is not 
attached to derma, and none of the normal 
skin elements, such as hair follicles and se- 
baceous glands, are present. In the large 
wound epithelization often fails entirely after a 
time (Fig. 5). Also, proceeding simultaneously 
with epithelial growth, granulation tissue is 
forming from the base of the wound and this 
tissue is converted into scar which contracts. 
The base of the wound is thus pulled together 
and is reduced in size so that the area which 
must be epithelized is thereby diminished. 
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TABLE I.—SUMMARY OF PERTINENT DATA ON PATIENT WITH BURN ULCER 
SEEN AFTER 6 MONTHS OF DILATORY TREATMENT 









































c.c. Administered Patient’s blood plasma 
Period RBC we Total 
Blood Plasma Amigen ; Albumin | Globulin 
protein m. % m. % 
gm. % gm. % gm. gm. 7% 
(a) Entry (Am’t. prior to 3-9. 9.4 .—61 5.8 2.7 3.1 
entry indefinite) 
(a-b) Preceding popliteal grafts 2,500 1,250 ° ee 8.4 55 _ a —_ 
(b-c) Before skin grafting entire wound 3,500 ° 40,000 3-56 9.7 .—- 63 5.7 o.5 2.4 
(d) One month after healed wound ° ° ° 4.86 14.3 -—-93 6.4 3-3 8.3 




















(a) Upon entry two-thirds of pe lower extremities (27% of the body surface) covered by filthy edematous granulations. Both legs in acute flexion. 


(b) First operati poplitea: severed, spaces graft 





(c) Second operation—granulating wounds completely covered with free split thickness skin grafts. 
(d) Only after a well healed wound had been obtained were the anemia, hypoproteinemia, chronic shock, etc., controlled. 


Although this process may be life saving, it is 
also deforming especially in larger wounds or 
in wounds which involve critical areas; it 
causes the contracture, the ectropion of the 
eyelid, or the distortion of an extremity (Fig. 
6). Such a granulating wound is underlaid 
with an inflammatory area. It is this attend- 
ing inflammation which penetrates to the 
superficial joints, such as those of the finger, 
with the result that a partial or complete, and 
often permanent, ankylosis may follow even 
though the joint itself was not injured at the 
time of the tissue loss. If all factors are 
favorable, such a wound will heal, but if the 
area is large or subjected to trauma, often- 
times it will tend to break down. Under less 
favorable circumstances the wound will not 
heal, the epithelial ingrowth stops and the 
formation of scar tissue continues. The more 
dense the scar tissue and the greater its age, 
the less vascular it becomes. Thus, the chronic 
ulcer is soon surrounded by a cortex of dense, 
avascular scar which prevents further healing 
(Fig. 5). An ulcer which at its onset may have 
been caused by varicosities, syphilis, or trau- 
ma, after a period of time can no longer be 
classified as a varicose ulcer, luetic ulcer, etc., 
but only as an ulcer per se (Figs. 4 and 8). A 
varicose ulcer of this sort does not heal follow- 
ing apparently adequate control of -varicosi- 
ties. To continue to treat such an ulcer on the 
basis of its original etiology is to treat it for 
what it once was and not for what it is at the 
present time. Following the correction of 
circulatory or other persisting initial factors, 
the only adequate approach is excision of the 


entire ulcer. The regenerated epithelium and 
underlying and surrounding scar must be re- 
moved down to tissue of adequate vascularity. 
This newly created wound should be covered 
with skin, preferably at the time of excision, in 
order to produce immediate healing of the 
area with tissue of good quality (Figs. 3, 5). 


LOCAL AND SYSTEMIC EFFECTS 


Anemia. Three to 5 days after an acute 
burn, an anemia of severe degree may develop. 
This has been studied by Moore, who suggests 
that the following factors may participate in 
producing red cell loss: early hemolysis, in- 
creased cell fragility, blood destruction by un- 
neutralized plasma antibodies, blood loss 
through an open wound, infection, metabolic 
disorders, and depressed bone marrow func- 
tion, as well as the actual destruction of the 
blood contained in the burned tissues. From 
this point on until the wound is healed, anemia 
is a constant problem. Its production and 
continuation are tied up with all those factors 
producing general debilitation. All too often 
one is misled as to the patient’s condition by 
reliance on laboratory determinations. The 
anemia of the chronically ill patient may be so 
masked by reduction in plasma volume that 
the red count, hemoglobin, and hematocrit 
fail to give an accurate measurement of real 
deficiency of hemoglobin and red blood cells. 

Hypoproteinemia. Patients with at least 10 
per cent of the body surface involved in third 
degree burns become serious nutritional prob- 
lems because of the loss of nitrogen in the urine 
and from the denuded surface area (7). The 
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increased caloric requirements resulting from 
fever, infection and a higher metabolic rate 
further magnify the nutritional problem. 
Many workers have studied nitrogen balance 
and loss in patients with large ulcerative 
lesions. Particular attention has been focused 
on the burn ulcer. Taylor found as much 
as 45 grams of nitrogen excreted by 1 pa- 
tient in a 24 hour period and directed atten- 
tion to the inevitable result of the accumu- 
lated loss. Co Tui determined quantitatively 
the nitrogen loss in body exudates. He used 
slabs of fine pored cellulose sponges to collect 
the exudates. In a 24 hour period 1 patient 
exuded 0.42 milligram of nitrogen per square 
centimeter, while another exuded 2.26 milli- 
grams of nitrogen per square centimeter from a 
denuded surface resulting from an avulsion. 
The significance of this loss is forcefully 
pointed out. If half of the body surface of a 
man weighing 70 kilograms and measuring 170 
centimeters in height were to be involved in a 
burn, the 9,050 square centimeters so involved 
would lose per day according to one rate 23.75 
grams of protein or the equivalent of 4,000 
cubic ‘centimeters of plasma or of 113 milli- 
grams of meat, and according to the other rate 
124 grams of protein or over 20,000 cubic 
centimeters of plasma or 600 grams of meat. 

Ravdin suggested that “‘. . . if the means to 
determine it were available, the first effect of 
protein undernutrition is a reduction in the 
amount of protein stored in the tissues of 
the body since every attempt is made to 
maintain the serum protein concentration at 
a nearly normal level.” Localio has shown 
that there is actually a depletion of the fascial 
protein, while the serum protein concentration 
remains within normal limits. Subnormal 
serum protein determinations denote body 
protein deficiency, but the converse is not 
necessarily true. Multiple blood transfusions 
may bring blood proteins up to normal or near 
normal levels without restoring the body’s 
protein reserves, giving a misleading idea as to 
the patient’s condition. The excessive loss of 
nitrogenous products in the urine and from 
denuded surfaces and progressive regression 
in protein concentration indicate that the 
body protein stores are depleted in the patient 
with a chronic ulcer. 
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Fig. 1. a,left. Ulcer of 36 weeks’ duration, patient hav- 
ing had 36 dressings under anesthesia during this period. 
Almost no epithelial growth has taken place. In addition 
to scar tissue contracture, there is shortening of hamstring 
tendons and sciatic nerve. b, Useful leg restored in small 
part of the time of previous disability. Correction ob- 
tained at 2 skin grafting operations, the first involving 
release of popliteal scar, application of split thickness 
skin grafts to the posterior surface of the leg and use of 
skeletal traction to overcome secondary contractures. At 
second operation anterior surface of leg was grafted. 


Chronic shock. This term has been provided 
by Clark, who presents a working concept of 
chronic shock. ‘‘A reduced total quantity of 
circulating blood in patients with nutritional 
deficiency was reported by Chang in 1932. 
Similar observations in hypoproteinemic ani- 
mals have been recorded in the reports of the 
experiments of Holman, Mahoney and Whip- 
ple.... In a study of patients with persis- 
tently unhealed war wounds attention was 
directed to a syndrome characterized by 
weight loss, reduced blood volume and in- 
creased interstitial fluid volume.... All of 
these reports emphasize the coincidence of 
protein depletion and diminished blood vol- 
ume. The surgically significant feature of 
reduced blood volume is an increased suscep- 
tibility of shock correctable by transfusion 
replacement of the blood volume deficit.” It 
is on this basis that the syndrome has been 
designated as chronic shock. 

Infection. The chronic skin ulcer is always 
associated with contamination and with some 
degree of infection. So long as the contaminat- 
ing bacteria are allowed to flourish, the ensu- 
ing infection will be a deterrent to wound 
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Fig. 2. a, Huge granulating wound, nearly encircling trunk, as it appeared after being prepared 
for grafting by saline soaks, pressure dressings, and frequent mechanical cleansing. Patient debili- 
tated and rapidly failing despite heroic supportive treatment. Pinch grafts applied to such a patient 
often do not prevent death because epithelization is too slow to check failure of vital processes. 
b, Intermediate result after covering approximately 50 per cent of open wounds with such split skin 
grafts as could be obtained from such an emaciated patient, plus homografts of split skin from 3 don- 
ors. Reduction of the wound by 50 per cent carried the patient over a critical period and initiated spon- 
taneous epithelization. Homografts in this instance persisted up to 74 months, the longest survival in 
any of our cases. c, Complete healing: without marked contractures finally obtained by further 


use of split skin grafts from patient’s own body. 


healing. Bacteria grow and multiply unless 
something is done to starve, remove, or an- 
nihilate them. Starvation may be accom- 
plished by the mechanical removal of devi- 
talized tissue. All serum exudate, necrotic 
tissue, and blood clots should be removed by 
gentle but thorough cleansing. Copious wash- 
ing and irrigation of the wound will reduce the 
bacterial count. The changing of pus soaked 
dressings will mechanically remove masses of 
germ containing material. The frequent 
change of dressings and proper cleansing of 
the wound, rather than damaging the ingrow- 
ing epithelium, as is sometimes stated, aids 
its development through reducing tissue de- 
struction by infection (Figs. 2 and 3b). 
Many agents have been advocated to con- 
trol and destroy bacterial growth but none has 
been completely successful. All too frequently 
the substances used have proved more lethal 


to viable cells than to bacteria. The control of 
such infections may be strengthened by the 
use of penicillin, streptomycin, and the sul- 
fonamides and by bolstering the immune 
processes of the host; its eradication depends 
upon the careful surgical care of the local 
lesion. This implies the prevention of con- 
tamination, starvation of the bacteria by the 
removal of slough and secretion, and by the 
actual mechanical removal of the organisms 
which come with the proper application of 
surgical dressings, and the use of open drain- 
age and wet dressings. 

General debilitation. Marked weight loss 
and general debilitation have long been recog- 
nized as serious complications in patients with 
large chronic ulcerating wounds. This term 
simply serves to summarize the combined ef- 
fect of infection, hypoproteinemia, anemia, 
pain, fever, inability to take and metabolize 
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Fig. 3. a, Carcinoma developing in ulceration from burn repeatedly recurrent over 
a 53 year period. b, Wound from cautery excision of carcinoma properly prepared to 
receive split skin graft. Note firm, compact, clean granulations resulting from pres- 
sure dressings and frequent cleansing. Edematous granulations respond to such care 
and should never be destroyed with escharotic agents such as silver nitrate, which de- 
lays wound healing. c, Healing by primary intention by application of split thickness 
skin grafts in 1 operation. Patient eventually died of intra-abdominal metastases. 





Fig. 4. a, An ulcer per se, initially caused by trauma. The surrounding and un- 
derlying scar has prevented healing over a 3 year period. b, Immediate healing ob- 
tained by deep and wide excision of the ulcer and application of thick split skin 
graft. Has remained healed to date, 5 years, permitting normal use of the leg. 


adequate amounts of food, and loss of morale 
through pain and disability. General debilita- 
tion can be prevented only by attaining a 
healed state. From every standpoint a con- 
certed effort should be made to obtain wound 
healing prior to this degree of debilitation 
(Fig. 2). 


TOPICAL APPLICATIONS TO SPEED 
WOUND HEALING 


An understanding of the many problems 
involved leads one to believe that the search 


for a magic drug which may be applied topi- 
cally to eliminate scarring and speed healing 
will be of no avail. In the past many agents 
have been acclaimed. The wound char- 
acterized by part thickness loss of skin should 
heal either without scarring or with minimal 
scarring unless further loss of tissue is pro- 
duced through the use of topical applications, 
improper dressings, or infection. With the 
full thickness loss of skin, especially over large 
areas, healing must be by slower body pro- 
cesses. Treatment which holds infection to a 








Fig. 5. a, left. Ulcer caused by a burn 17 months previ- 
ously, patient having been hospitalized at publicexpense for 
this period. Vertical scar edges indicate that spontaneous 
epithelization has ceased, although production of under- 
lying scar is continuing, ‘reducing the vascularity of the 
area. Poor quality of the spontaneously formed epithelium 
is apparent. b, Patient returned to productive activity 
6 weeks after excision of ulcer and poor epithelium, relaxa- 
tion of contracture by dissection, and application of split 
thickness skin graft. 


minimum, supports the general condition of 
the patient, and does not injure tissue will re- 
sult in the most rapid spontaneous healing 
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possible. No topical agent alone can achieve 
these results. 


SURGICAL COVERING OF THE OPEN 
WOUND 


Large areas of skin loss by avulsion may be 
replaced immediately (Fig. 7). The more 
critical the area or organ involved, the greater 
the importance of immediate restoration of the 
skin surface. Emergency grafting of the fresh 
wound will prevent the deleterious local and 
systemic effects of chronic ulceration, de- 
formity will be minimized and function will 
be restored at the earliest possible moment. In 
other types of tissue loss such immediate treat- 
ment may be impossible or not available. 
Nevertheless, the principle of rapid healing by 
means of skin grafts is just as applicable (5). 
Especially in the burned patient, the heroic 
procedures which were necessary to save the 
individual at the time of the acute burn must 
be continued; life saving measures must be 
carried on through the period when the medi- 
cal and nursing staff may be tempted to relax 
because the crisis is over. A clean wound 
receptive to a skin graft should be quickly 
obtained. In from 3 to 5 weeks after injury 
large sheets of split thickness skin must be 
applied to the ulcerated area. Thus, the pa- 
tient is restored to health in a matter of weeks 
rather than years. Pinch grafts are frequently 
used on such patients and may perhaps in 





Fig. 6. a, left. Distortion wodinn heen contracture of scar of spontaneously 


healed ulcer. 


b, Correction in 2 operations: (1) release of contracture by dissection 


and application of free full thickness skin graft; (2) interdigitation of local flaps across 


tight margins of grafts. 
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some instances be life saving by eventually 
healing the wound. With large areas, how- 
ever, this type of graft simply alters the equa- 
tion of the patient’s tenacity of life versus slow 
wound healing, but does not solve the prob- 
lem. The pinch graft does not give immediate 
healing. The procedure may be likened to the 
process of acquiring a lawn by planting seed 
versus sodding. Obviously, some patients 
present such large areas of ulceration that they 
themselves cannot supply enough skin for im- 
mediate coverage and therefore will rapidly 
lose ground. In many of them it appears that 
death is inevitable. It is in such individuals 
that the use of homografts, sheets of skin of 
split thickness taken from other individuals, 
may be life saving. Such skin has never been 
proved to persist except in the case of identical 
twins. However, it does convert a huge open 
wound with its many relentlessly destructive 
systemic effects into at least a temporarily 
healed area, with its many advantages. The 
use of such grafts is an emergency procedure 
to meet a crisis and in this respect may be 
likened to a blood transfusion where the 
donor’s cells do not persist but do tide the 
recipient over a critical period of need. Such 
homografts in our experience ‘‘take”’ with the 
same readiness as the patient’s own skin. 
Homografts have persisted with all the ap- 
pearance of normal skin from 3 weeks to, in 
one instance, 714 months. The patient in each 
instance is thereby given a much needed re- 
prieve (Fig. 2). The maximum effort to pro- 
duce healing in the critically burned patient 
must be made at the first operation (2). 
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Fig. 8. Diagram of the chronic ulcer, per se. 
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Fig. 7.a, above. Avulsion of major portion of integument 
of forearm and hand presenting question of amputation, 
secondary repair with additional damage from inflamma- 
tion attending delay, or immediate débridement and 
grafting. b, Early result obtained by immediate grafting 
with small secondary graft to areas of further skin necrosis. 
Patient treated in conjunction with Dr. Oscar Hampton. 


The small chronic ulceration. The leg ulcer 
constitutes a “sore spot’? on any charity 
service or clinic. Such individuals rapidly lose 
their status as wage earners. Most surgical 
practices include a number of cases of such 
ulcerations which have proved intractable to 
the usual treatments. The most direct, quick- 
est, and best approach to such problems is the 
adequate excision of the ulcer with its sur- 
rounding thin scar epithelium and underlying 
dense avascular scar. The defect is then 
covered immediately with a skin graft of in- 
termediate thickness (3). Although such ul- 
cers are often the result of faulty circulation 
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in an extremity, after a period of time they 
persist either because of entirely local condi- 
tions or because of a combination of both gen- 
eral and local factors. Frequently, the general 
circulation of the extremity cannot be im- 
proved beyond a certain point. However, 
with the elimination of the local lesion, heal- 
ing may often be maintained with limited use 
of the leg and the wearing of elastic bandages 
or supports. Long standing ulcerations result- 
ing from osteomyelitis or compound fracture 
may likewise often be permanently eliminated 


(Fig. 4). SUMMARY 

The basic principles in the management of 
chronic ulcerative skin lesions are discussed. 
Special emphasis is placed upon the local and 
systemic effects of such ulcers. Factors in 
wound healing and the local pathological 
status are outlined. Topical applications to 
speed wound healing are discounted. A per- 
manently healed wound is the only satisfac- 
tory solution of the chronic ulcer problem; this 
may be obtained at the earliest possible 





moment by the use of split thickness skin 
grafts. 
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THE REGIONAL LYMPH NODE DISSECTION IN 


CANCER OF THE EXTREMITIES. 


JULIAN H. FRIEDEN, M.D., New York, New York 


ALIGNANT neoplastic disease 
takes an annual toll of more than 
180,000 persons in the United 
States. The mystery of malig- 
nancy is yet to be solved, but while research 
continues and is gaining momentum, radical 
surgical removal of the lesion appears to yield 
the best results for life expectancy. The extir- 
pation of the regional lymph nodes in block 
dissection is a procedure designed to eradicate 
the first collection spot, where malignant cells 
lodge, after traversing the lymphatic vessels 
from the primary site. These procedures, the 
radical groin dissection and the radical axillary 
dissection, are frequently indicated in malig- 
nant lesions of the extremities and are to be 
used in conjunction with the radical local ex- 
cision. Fifty-one of such dissections, done at 
the New York Post-Graduate Hospital, Tu- 
mor Division, for squamous cell carcinoma and 
malignant melanoma of the upper and lower 
extremities, were recently reviewed. Certain 
conclusions were reached. 


THE LESION 


Malignant neoplasms of the extremities 
may arise from any of the tissues present. 
They are: the squamous cell carcinoma, the 
malignant melanoma (melanocarcinoma, me- 
lanosarcoma), and the sarcomas (fibrosarco- 
ma, myxosarcoma, liposarcoma, osteogenic 
sarcoma, leiomyosarcoma, rhabdosarcoma). 
The sarcomas were not studied in this series. 

The squamous cell carcinoma. The epider- 
moid or squamous cell carcinoma of the ex- 
tremities appears as ulcerated, encrusted, ir- 
regularly-shaped or round, raised masses usu- 
ally with firm, indurated, rolled borders. The 
appearance depends greatly on the duration of 
the lesion and the predisposing factor or pan- 
cancerous lesion namely, thermal or traumatic 
scars, senile keratoses, arsenical keratoses, 
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verrucae, irradiative, bacterial, and chemical 
dermatoses, osteomyelitic sinuses, and vari- 
cose and luetic ulcers. In 35 cases of squamous 
cell carcinoma studied, 8 patients or 23 per 
cent gave a history of a previous burn, 5 in old 
burn scars and 3 in scars of less than 1 year’s 
duration. Two of the 35 patients had received 
intensive x-ray therapy, and 2, electrolysis for 
the removal of hair. The carcinoma arose in 
an area of lupus vulgaris in 2 cases, in an area 
of arsenical dermatitis in 2 cases, and in a 
birthmark in 1 case. Three had no predis- 
posing factor other than an incident of trau- 
ma. No cause was mentioned in the other 
cases. 

In general, this type is slow growing with a 
low grade of malignancy. The average age in 
this series was found to be 56 with the young- 
est at 30 and the oldest, 84 years. Seven or 
44 per cent of 16 regional lymph node dis- 
sections showed metastatic lymph nodes. 
Taylor and Nathanson found the likelihood of 
metastasis increased with greater duration, 
larger size, and higher grades of malignancy. 
They found axillary metastasis in 36 per cent 
of 45 patients who had squamous cell carcin- 
oma of the upper extremity for less than 1 
year, and in 52 per cent of 45 cases of involve- 
ment of the lower extremity. DeBell and 
Stevenson thought that the duration of the 
lesion seemed not to influence the rate of 
metastasis but that the larger lesions, over 3 
centimeters in diameter, had a greater tenden- 
cy to metastasize than the smaller ones. In 6 
cases studied in which regional lymph node 
metastasis and a fairly reliable history were 
present, the duration since onset varied from 8 
to 36 months with an average of 19 months. 
Pack and Rekers report this time interval in 
the Memorial Hospital series of cases to be 30 
months. Data in this regard are apt to be in- 
accurate because of the difficulty in ascertain- 
ing when the carcinoma began, especially 
when a precancerous lesion was present. In 
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Fig. 1. Squamous cell carcinoma of the hand of 4 
months’ duration. This lesion followed the burn described. 


the case of a 67 year old hat labeler, who sus- 
tained small burns on the dorsum of the hand 
by molten particles of gold, all the little burns 
healed but one, and at this site there grew a 
squamous cell carcinoma (Fig. 1). Here, the 
history of 4 months could be considered ac- 
curate. Other inaccuracies regarding rate of 
metastasis may result from the failure to sec- 
tion and recognize the area of metastasis or 
the metastatic lymph node. It would be ne- 
cessary for the pathologist to take thousands 
of serial sections of the block of tissue removed 
in order to avoid missing microscopic areas of 
metastasis. 

Metastasis is common in squamous cell 
carcinoma of the extremities. 

The malignant melanoma. This neoplasm 
and the squamous cell carcinoma have many 
characteristics in common but also differ 
greatly. The lesion often develops in a pig- 
mented spot on the skin, grows as a mass, 
usually ulcerated, encrusted, pigmented, fri- 
able and indurated, raised, and rounded (Fig. 
2). It often appears as an innocuous little 
pigmented mass, irregular in shape, flat or 
slightly raised, and increasing slowly in size. 
Both sexes are equally affected, as are the 
young and the old. In 38 cases of malignant 
melanoma of the extremities, the average age 
was 46 years, the youngest being 18 and the 
oldest 69 years. DeCholnoky reported the 
malignant condition present in a child 15 
months and 1, 5 years of age. The diagnosis in 


children is apt to be made with difficulty be- 
cause of the confusing microscopic picture. 
In 9 or 24 per cent of the 38 cases reviewed 
there was a history of trauma to a pigmented 
lesion previously present. The malignant 
melanoma, histologically appears carcino- 
matous or sarcomatous, and often both. It 
metastasizes freely by way of the lymphatic 
vessels and the blood stream. Metastatic 
lymph nodes were found in 23 or 66 per cent of 
the 35 lymph node dissections performed for 
malignant melanoma of the extremities. In 
these cases observed at this clinic, the time in- 
terval since onset was 1344 months. The 
shortest interval in this series was 3 months. 
Pack and Rekers in their series found this 
average interval to be 13 months. Again, the 
inaccuracies previously cited regarding such 
statistical data would be present. 

Metastasis is common in malignant mela- 
noma of the extremities and may occur rapid- 
ly, especially in the larger lesions, which are 
easily irritated and traumatized, which in- 
crease in size rapidly, and which have been 
treated with various medications. 


THE LYMPHATIC ROUTE 


Lymph is derived from the interstitial fluids 
and enters a closed system of capillary loops 
which are composed of a single layer of endo- 
thelial cells. From groups of these loops, the 
reticula, emerge the finest lymphatic vessels 
which contain valves. As the vessels grow 
larger, they decrease in number, are pro- 
vided with a smooth muscle layer, and are 
contractile. The lymph flows to the lymph 
nodes via these afferent vessels, which. are 
more numerous than the efferent ones. In 
traversing the sinuses which partly surround 
the lymphocytic follicles of the lymph node, 
the flow is slowed. This slowing, together 
with the mechanical action of the meshwork of 
reticulum, renders the lymph node a highly 
efficient center of filtration, which removes 
emboli of malignant cells, bacteria, and for- 
eign particles. 

The rate of flow is increased by the increased 
formation of lymph and by the massage of the 
vessels. The smooth musculature in the larger 
vessels may aid the flow along with the pump- 
ing action of the diaphragm and the negative 
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pressure in the thorax and the negative pres- 
sure in the venous system at the jugular sub- 
clavian junction. The valves make certain of 
the forward motion of the flow. Thus exercise, 
massage, heat, motion, and bandaging an ex- 
tremity will increase the drainage of lymph. 
An extremity which is quiet and dependent 
has an almost negligible lymphatic flow. 
Lymph node metastasis is the result of an 


embolus of cancer cells which enters the 


lymphatic vessels and travels to the regional 
lymph node via the afferent lymphatic vessel. 
Occasionally, the metastasis is established by 
permeation, but most often by the embolic 
route. Once the malignant neoplasm is pres- 
ent in the lymph node, it may spread to other 
lymph nodes in the region by secondary embo- 
lism or by permeation; and when near veins, 
blood stream invasion may follow. Occasion- 
ally, blood stream emboli occur due to in- 
vasion of veins by the primary tumor. 

Occlusion of the lymphatic vessels may re- 
verse the direction of the flow of lymph which 
is normally proximal and centralward. This 
occlusion may be due to tumor emboli, to the 
blockage of lymph nodes by neoplastic tissue, 
to surgical removal, and to inflammatory pro- 
cesses. The stagnation of lymph results in dis- 
tention of the lymphatic vessels and incom- 
petency of the valves. Retrograde lymphatic 
neoplastic permeation may follow with edema 
of the extremity and the rapid appearance of 
metastatic nodules in the superficial lymph- 
atics. This phenomenon has been evident in 
the malignant melanoma following regional 
lymph node dissection. 

The lymph nodes of the axilla are in close 
relation to the chief veins of the axilla and re- 
ceive afferent vessels which drain areas that 
coincide roughly with the distribution of these 
veins. The main lymphatic trunks of the arm 
are superficial, roughly parallel but anasto- 
mose freely on the flexor surface of the fore- 
arm. They tend to direct themselves medially 
toward the epitrochlear area and ascend on the 
medial aspect of the upper arm. A number of 
these trunks are interrupted by epitrochlear 
lymph nodes, commonly two or three lymph 
nodes superficially placed on the medial aspect 
of the arm above the internal epicondyle of the 
humerus. These nodes receive afferents chief- 
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Fig. 2. Malignant melanoma of the arm, a birthmark, 
which at the age of 38 began to increase in size. Here it is 
seen after 6 months of growth. Axillary dissection revealed 
metastatic lymph nodes. 


ly from the ulnar aspect of the forearm and 
hand, but the anastomoses of these vessels are 
numerous. The efferents of the epitrochlear 
nodes as well as the other primary trunks pass 
to the lowest axillary vein group of lymph 
nodes. A few vessels go directly to the supra- 
clavicular area while others go to higher 
groups in the axilla. Some of the trunks ac- 
company the cephalic vein, and may be inter- 
rupted by intercalated lymph nodes in the 
deltoid pectoral groove or may pass to apical 
lymph nodes, or may go directly to the supra- 
clavicular area. There are a few deep lymph- 
atic vessels of the arm which accompany 
the deep blood vessels and are interrupted by 
inconsistent intercalated lymph nodes, the 
deep epitrochlear lymph nodes in relation to 
the brachial vessels, or the lymph nodes of the 
axilla. 

The lymphatic vessels of the lower extrem- 
ity are chiefly superficial and tend to follow 
the course of the veins. From the sole of the 
foot, the posterolateral aspect of the leg, and 
from the deep structures of the leg, the lymph- 
atic vessels follow the short saphenous vein or 
the deep veins to reach the popliteal lymph 
nodes or pass directly to the deep femoral 
lymph nodes. From other parts of the leg and 
thigh, the lymphatic drainage passes to the 
superficial nodes of the long saphenous vein or 
directly to the deep femoral or external iliac 
lymph nodes. From the buttocks, the drain- 
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age accompanies the superficial circumflex 
iliac vessels to the groin and rarely to the 
hypogastric lymph nodes via the lymphatic 
trunks which accompany the gluteal vessels. 


THE OPERATION 


The radical axillary dissection. With the arm 
abducted to a right angle to the body, an in- 
cision is made on the anterior chest along the 
free border of the pectoralis major muscle. At 
the apex of the axilla, the incision is one-third 
of the distance from the free border of the 
muscle to the clavicle. It then curves and is 
continued down the arm to the point of the 
insertion of the pectoralis major. The skin 
flaps are widely dissected with only a mini- 
mum of subcutaneous fat remaining on the 
skin. The landmarks used to limit the extent 
of the dissection are: the latissimus dorsi 
muscle posteriorly, the tendon of the pectoralis 
major muscle at the arm, the cephalic vein at 
the upper border, and the lateral border of the 
pectoralis major muscle which forms the an- 
terior margin of the axilla. The skin is dis- 
sected to this line. The landmarks are ex- 
posed and the dissection is outlined. Progress 
is then made on the distal side of the cephalic 
vein with the sheath reflected mesially through 
nearly the whole length. The tendon of the 
pectoralis major is exposed and is transected 
so that there is enough stump remaining to 
allow resuture of the tendon later. The pec- 
toralis minor is retracted. The muscle may be 
sacrificed if it appears to be involved in the 
pathologic process. The axillary fascia is then 
incised at the nearest possible point to the 
clavicle and the axillary vein is exposed. 
Working from the lateral to the vessel side, 
the thin fascia of the coracobrachialis and bi- 
ceps muscles is removed and carried over the 
musculocutaneous nerve, median nerve, and 
brachial artery to the axillary vein without 
disturbing the fatty tissues around the nerves. 
The sheath of the axillary vein is incised. The 
vessels and nerves to the pectoralis major are 
ligated. The subscapular vessels, which enter 
the axillary vein from behind, are preserved. 
The dissection is carried over the brachial 
plexus. The subscapular space is cleaned out 
by blunt dissection, and the exposed long 
thoracic nerve of Bell is preserved. The speci- 
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men is then removed from the margin of the 
latissimus dorsi muscle mesially to the chest. 
The tendon of the pectoralis major is sutured 
to the tendinous insertion. A stab wound is 
made in the outer flap in front of the latissimus 
dorsi muscle to allow two small split rubber 
tube drains to be inserted to the summit of the 
axilla. The skin edges are approximated. All 
air and fluid is expressed, and a pressure type 
of dressing is applied. The dressing is usually 
not disturbed for 5 days. The drains are then 
removed and function of the arm is encour- 
aged. 

The epitrochlear lymph node dissection is oc- 
casionally performed along with the radical 
axillary dissection. 

A longitudinal incision is made over the epi- 
trochlear region, usually over palpable lymph 
nodes, from the middle of the arm downward 
to the region of the internal epicondyle. The 
skin flaps are widely raised. The biceps mus- 
cle is exposed in front and the triceps and flex- 
or muscles of the forearm posteriorly. On the 
fascia of these muscles the dissection is then 
carried centrally toward the brachial vessels 
and nerves. The medial antebrachial cutan- 
eous nerve and the basilic vein are divided as 
incisions are made in the fat. The brachial 
vessels and the median and ulnar nerves are 
exposed as the biceps and triceps muscles are 
retracted outwardly. The dissection is carried 
distally along these structures and the muscles 
until the antecubital or epicondylar region is 
reached. The fat is cut across and the basilic 
vein again ligated. The wound is closed and a 
firm dressing is applied to the elbow. 

The radical groin dissection. With the thigh 
on the involved side abducted and externally 
rotated with the knee slightly flexed over a 
sandbag, the incisions are made starting 2 
inches above and 1 inch medial to the anterior 
superior iliac spine, sweeping downward in a 
wide ellipse to terminate in the midthigh 
over Hunter’s canal. The amount of skin re- 
moved varies with the amount of subcutaneous 
fatty tissue, the looseness of the skin, and the 
nodal involvement. With the skin divided, 
the margins of the wound are widely undercut 
and thus the skin flaps are carefully prepared. 
The thickness of subcutaneous fat remaining 
under the skin varies from 3 to 5 millimeters. 


























The subcutaneous fat is dissected to include 
the upper one-third of the anterior thigh, the 
inguinal region, and the lower abdominal wall 
over the iliac quadrant. The dissection is 
deepened to the underlying muscles to include 
the fascia with the fat in a block from above 
downward. The inguinal canal is exposed by 
incising the aponeurosis of the external oblique 
parallel to the inguinal ligament from the ex- 
ternal to the internal inguinal rings. The ad- 
ventitia of the femoral artery and vein is 
stripped. The great saphenous vein is ligated 
at the saphenous femoral junction and again 
where the dissected block overlies the middle 
segment of the sartorius muscle. The inguinal 
ligament may then be transected or allowed to 
remain intact and raised by dissecting it from 
the underlying attachment. The inguinal 
canal is further opened by incising the trans- 
versalis muscle down to the extraperitoneal 
areolar tissue. The fatty tissue about the iliac 
vessels, is swept downward and removed as 
part of the specimen. The node of Cloquet 
may be found anteriorly on the femoral ves- 
sels and is also included. Tissue overlying the 
obturator foramen is also included in the 
specimen. The deep epigastric vessels coming 
off at right angles from the external iliac ar- 
tery and vein are ligated. The dissection is 
performed sharply. The inguinal canal is 
repaired as in a herniorrhaphy. It is possible to 
remove the entire specimen in one block which 
is theoretically better than dividing this po- 
tential neoplastic tissue into deep and super- 
ficial blocks. The dead space of Scarpa’s tri- 
angle is obliterated by suturing the sartorius 
medially. The femoral vessels are thus pro- 
tected. A spica type of dressing is applied by 
employing refined mechanic’s waste in the 
groin and upper thigh for even pressure, with 
the thigh slightly flexed to lessen the tension 
on the wound and to permit the natural fold of 
the groin to form. This position is continued 
for 3 weeks. Any collections of serum are 
aspirated. 

The popliteal lymph node dissection is rarely 
performed along with the radical groin dis- 
section. 

A vertical incision is made over the poplit- 
eal area. The skin flaps are prepared widely 
and a diamond-shaped area between the ham- 
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string muscles above and the two heads of the 
gastrocnemius muscle below is exposed as the 
dissection is deepened by two lateral incisions 
in the fat which converge and unite. 

The floor of the dissection is formed by the 
fascia. The popliteal vessels and peroneal 
nerves are identified near the upper angle and 
are preserved. The short saphenous vein is 
ligated at the junction with the popliteal vein 
and as the dissection is carried distally, is 
again ligated at the lower angle of the opera- 
tive field. After removal of this mass of tissue, 
the wound is closed and a pressure dressing is 
applied and the limb splinted. The pressure 
and splinting is maintained for 2 weeks. 


COMPLICATIONS 


There was no postoperative mortality in the 
51 axillary and groin dissections studied. 
Pack and Rekers report 2 (1.6 per cent) post- 
operative deaths in a series of 122 groin dis- 
sections, 41 of which were bilateral. Taylor 
and Nathanson report 2 postoperative deaths 
or 3 per cent in 71 axillary dissections. They 
also report 10 or 5 per cent postoperative 
deaths in 199 cases of groin dissections, 5 of 
which deaths occurred in those who had bi- 
lateral groin dissections. The complications 
expected in any major surgical procedure are 
to be expected here, namely, pneumonia, 
atelectasis, cardiac failure, hemorrhage, 
thrombosis, and sepsis. Complications per- 
taining to the wound are fairly common. 
Eight or 16 per cent of the 51 patients in this 
series developed serious wound infections, 
slough and necrosis of wound edges with sepa- 
ration. There were several with minor delays 
in wound healing. The most frequent compli- 
cation is edema of the extremity. Edema was 
present in varying degrees but fairly marked 
in 10 or 20 per cent. Five of these 10 patients 
had developed postoperative wound compli- 
cations. Of these 10, the edema disappeared 
within 6 to 8 months in all but 1, who had 
fairly marked elephantiasis of the upper ex- 
tremity following axillary and epitrochlear 
dissections. After 12 months there was 
marked improvement and the extremity was 
functionally good. Occasionally lymph and 
serum collect under the skin for long periods 
of time in large quantities. 
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TABLE I.—FOLLOW-UP STUDY OF RADICAL 
AXILLARY AND GROIN DISSECTIONS 
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THE RESULTS 


The follow-up has not been satisfactory 
(Table I). Thirty-eight or 74.5 per cent were 
examined periodically for varying lengths of 
time. The results obtained must be surveyed 
with certain reservations. There were differ- 
ences in operative technique. Some of the 
dissections were not as radically performed as 
others. Histopathologic techniques vary also 
and certainly metastases have been missed by 
overlooking a lymph node too small to be rec- 
ognized or by failure to section the involved 
portion of the lymph node. 

Thus, 3 of the 15 patients who had dissec- 
tions which showed metastatic malignant 
melanoma have no evidence of reappearance 
after 5 years. Two of 4 cases showing meta- 
static squamous cell carcinoma were free of 
positive signs after 5 years. Of those who 
died of the malignant lesion, all showed meta- 
static lymph nodes. 

In the local excision of 35 squamous cell 
carcinomas, 4 or 11 per cent reappeared lo- 
cally. In 38 malignant melanomas of the ex- 
tremities, there were no local reappearances, 
but in 6 cases there were reappearances near 
the original excision or between the site of the 
original lesion and the regional lymph nodes 
which, in these cases, had been removed. 





SURGERY, GYNECOLOGY AND OBSTETRICS 





Nathanson and Taylor report 2 year cures 
in 12 or 29 per cent of 52 regional lymph noc 
dissections for squamous cell carcinoma of th 
extremities which showed metastatic lymph 
nodes. They also report 7 of 40 positive dis 
sections for malignant melanoma of the ex 
tremities free of reappearances for 5 years. 
DeCholnoky reports 3 of 16 positive dissec 
tions for malignant melanoma who have ; 
year cures. 


MANAGEMENT 


A tumor of the extremities which is gradu- 
ally increasing in size is to be handled with 
suspicion of neoplastic malignancy. 

The most certain method of arriving at a 
diagnosis is the biopsy. If the lesion presents 
characteristics of a malignancy, then the 
frozen histopathological section may be per- 
formed, followed promptly by radical local 
excision if positive. In the case of the mela- 
noma, no biopsy should be taken unless one 
is prepared to continue immediately with a 
radical excision. The excision of the malignant 
melanoma is to include a wide area around the 
tumor of normal-appearing tissue, subcuta- 
neous fat, and an even larger area of under- 
lying fascia with more removed on the drain- 
age side. It is frequently necessary that the 
resulting defect be filled with a flap or with 
a skin graft, usually the split thickness derma- 
tome graft. It is unnecessary to excise as 
radically with the squamous cell carcinoma. 
Usually, excision of the tumor with normal- 
appearing skin and subcutaneous fat is suf- 
ficient. 

With the diagnosis of malignant melanoma 
of a toe or finger confirmed, amputation of 
that part of the extremity is indicated. With 
lesions of the extremities, an attempt should 
be made to excise the lesion but also to make 
certain of offering the patient a functional 
limb. The radical groin or radical axillary 
dissection should be performed in every case 
of malignant melanoma of the extremities 
The local excision and dissection of the re 
gional lymph nodes in continuity at the timc 
of the initial operation offers more likelihoo« 
of arrest, when the primary site is so situate: 
as to offer the advantages of a continuit\ 
procedure. 
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With the squamous cell carcinoma of the 
extremities, the dissection of the regional 
lymph nodes is advised regardless of the dur- 
ation and appearance of the lesion, of the 
degree of malignancy, and of the state of the 
regional lymph nodes. 

The lymph node dissection is postponed 
approximately 2 weeks after the local excision 
or after the local wound is healed and there 
has been active motion in the extremity. Any 
malignant emboli en route would then have 
the opportunity to reach the regional lymph 
nodes. 

The epitrochlear and popliteal dissections 
are to be performed along with the axillary or 
groin dissection when highly suspicious lymph 
nodes are found in the region and when lym- 
phatic drainage is expected to occur to these 
regions because of the particular location of 
the primary site. There would be a greater 
tendency to perform these dissections with 
the malignant melanoma than with the squa- 
mous cell carcinoma. 

The follow-up of these patients is consider- 
ed most important. The extremity must be 
carefully observed for reappearances locally, 
in the regional lymph nodes or anywhere in 
the limb. Suspicious lesions must be removed 
as they appear. These patients should be seen 
monthly during the first postoperative year. 
The follow-up should continue as long as the 
patient lives. 

The complication, edema of the extremity, 
which is probably the result of lymphatic 
blockage and vasospasm, is handled by rest, 
elevation, and elastic bandaging. If the edema 
persists, the sympathectomy or stellate gang- 
lion blocks, or intravenous procaine may be 
of value in relieving the vasospastic element. 


RATIONALE 


Surgically, the regional lymph nodes are 
accessible. The malignant lesion when acces- 
sible is to be eradicated. There can be no cer- 
tainty that emboli of the primary lesion have 
not arrived at the regional lymph nodes. It 
has been shown that palpation of a lymph 
node is not to be considered reliable in diag- 
nosing metastasis. Regional lymph nodes 
were not palpable in 12 of the 30 dissections 
in which metastatic nodes were present. The 
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Fig. 3. Photomicrograph of section of axillary lymph 
node which contains metastatic malignant melanoma cells, 
as indicated with arrows. 


axillary and inguinal nodes are often enlarged, 
the result of a previous inflammatory process 
in the extremity. 

A 37 year old white female presented her- 
self to the Tumor Clinic with a lesion which 
had been present on her finger for about 1 
year. There was a bluish discoloration and 
slight ulceration. Biopsy revealed malignant 
melanoma and an amputation of the finger 
was performed, and 3 weeks later an axillary 
dissection was done. No nodes had been pal- 
pable previously. Review of the sections re- 
vealed one section to contain a few isolated 
pigmented metastatic cells free in the sinuses 
of the lymph nodes (Fig. 3). The embolic 
theory is supported. There is no evidence of 
reappearance after 6 months. 

It may be said that many of the dissections 
were performed and no metastatic nodes were 
found. A few of these negative dissections 
were probably positive but there is another 
value even though metastases were not found. 
The squamous cell carcinoma and the malig- 
nant melanoma disseminate most often by 
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TABLE I.—FOLLOW-UP STUDY OF RADICAL 
AXILLARY AND GROIN DISSECTIONS 
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THE RESULTS 


The follow-up has not been satisfactory 
(Table I). Thirty-eight or 74.5 per cent were 
examined periodically for varying lengths of 
time. The results obtained must be surveyed 
with certain reservations. There were differ- 
ences in operative technique. Some of the 
dissections were not as radically performed as 
others. Histopathologic techniques vary also 
and certainly metastases have been missed by 
overlooking a lymph node too small to be rec- 
ognized or by failure to section the involved 
portion of the lymph node. 

Thus, 3 of the 15 patients who had dissec- 
tions which showed metastatic malignant 
melanoma have no evidence of reappearance 
after 5 years. Two of 4 cases showing meta- 
static squamous cell carcinoma were free of 
positive signs after 5 years. Of those who 
died of the malignant lesion, all showed meta- 
static lymph nodes. 

In the local excision of 35 squamous cell 
carcinomas, 4 or 11 per cent reappeared lo- 
cally. In 38 malignant melanomas of the ex- 
tremities, there were no local reappearances, 
but in 6 cases there were reappearances near 
the original excision or between the site of the 
original lesion and the regional lymph nodes 
which, in these cases, had been removed. 
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Nathanson and Taylor report 2 year cure: 
in 12 or 29 per cent of 52 regional lymph nod 
dissections for squamous cell carcinoma of the 
extremities which showed metastatic lymph 
nodes. They also report 7 of 40 positive dis 
sections for malignant melanoma of the ex- 
tremities free of reappearances for 5 years. 
DeCholnoky reports 3 of 16 positive dissec- 
tions for malignant melanoma who have ; 
year cures. 


MANAGEMENT 


A tumor of the extremities which is gradu- 
ally increasing in size is to be handled with 
suspicion of neoplastic malignancy. 

The most certain method of arriving at a 
diagnosis is the biopsy. If the lesion presents 
characteristics of a malignancy, then the 
frozen histopathological section may be per- 
formed, followed promptly by radical local 
excision if positive. In the case of the mela- 
noma, no biopsy should be taken unless one 
is prepared to continue immediately with a 
radical excision. The excision of the malignant 
melanoma is to include a wide area around the 
tumor of normal-appearing tissue, subcuta- 
neous fat, and an even larger area of under- 
lying fascia with more removed on the drain- 
age side. It is frequently necessary that the 
resulting defect be filled with a flap or with 
a skin graft, usually the split thickness derma- 
tome graft. It is unnecessary to excise as 
radically with the squamous cell carcinoma. 
Usually, excision of the tumor with normal- 
appearing skin and subcutaneous fat is suf- 
ficient. 

With the diagnosis of malignant melanoma 
of a toe or finger confirmed, amputation of 
that part of the extremity is indicated. With 
lesions of the extremities, an attempt should 
be made to excise the lesion but also to make 
certain of offering the patient a functional 
limb. The radical groin or radical axillary 
dissection should be performed in every case 
of malignant melanoma of the extremities. 
The local excision and dissection of the re- 
gional lymph nodes in continuity at the timc 
of the initial operation offers more likelihoo« 
of arrest, when the primary site is so situate: 
as to offer the advantages of a continuit) 
procedure. 



























With the squamous cell carcinoma of the 
extremities, the dissection of the regional 
lymph nodes is advised regardless of the dur- 
ation and appearance of the lesion, of the 
degree of malignancy, and of the state of the 
regional lymph nodes. 

The lymph node dissection is postponed 
approximately 2 weeks after the local excision 
or after the local wound is healed and there 
has been active motion in the extremity. Any 
malignant emboli en route would then have 
the opportunity to reach the regional lymph 
nodes. 

The epitrochlear and popliteal dissections 
are to be performed along with the axillary or 
groin dissection when highly suspicious lymph 
nodes are found in the region and when lym- 
phatic drainage is expected to occur to these 
regions because of the particular location of 
the primary site. There would be a greater 
tendency to perform these dissections with 
the malignant melanoma than with the squa- 
mous cell carcinoma. 

The follow-up of these patients is consider- 
ed most important. The extremity must be 
carefully observed for reappearances locally, 
in the regional lymph nodes or anywhere in 
the limb. Suspicious lesions must be removed 
as they appear. These patients should be seen 
monthly during the first postoperative year. 
The follow-up should continue as long as the 
patient lives. 

The complication, edema of the extremity, 
which is probably the result of lymphatic 
blockage and vasospasm, is handled by rest, 
elevation, and elastic bandaging. If the edema 
persists, the sympathectomy or stellate gang- 
lion blocks, or intravenous procaine may be 
of value in relieving the vasospastic element. 


RATIONALE 


Surgically, the regional lymph nodes are 
accessible. The malignant lesion when acces- 
sible is to be eradicated. There can be no cer- 
tainty that emboli of the primary lesion have 
not arrived at the regional lymph nodes. It 
has been shown that palpation of a lymph 
node is not to be considered reliable in diag- 
nosing metastasis. Regional lymph nodes 
were not palpable in 12 of the 30 dissections 
in which metastatic nodes were present. The 
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Fig. 3. Photomicrograph of section of axillary lymph 
node which contains metastatic malignant melanoma cells, 
as indicated with arrows. 


axillary and inguinal nodes are often enlarged, 
the result of a previous inflammatory process 
in the extremity. 

A 37 year old white female presented her- 
self to the Tumor Clinic with a lesion which 
had been present on her finger for about 1 
year. There was a bluish discoloration and 
slight ulceration. Biopsy revealed malignant 
melanoma and an amputation of the finger 
was performed, and 3 weeks later an axillary 
dissection was done. No nodes had been pal- 
pable previously. Review of the sections re- 
vealed one section to contain a few isolated 
pigmented metastatic cells free in the sinuses 
of the lymph nodes (Fig. 3). The embolic 
theory is supported. There is no evidence of 
reappearance after 6 months. 

It may be said that many of the dissections 
were performed and no metastatic nodes were 
found. A few of these negative dissections 
were probably positive but there is another 
value even though metastases were not found. 
The squamous cell carcinoma and the malig- 
nant melanoma disseminate most often by 
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the lymphatics. The interruption and removal 
of the main drainage trunks and collection 
areas provide a block to further dissemination. 
Other emboli may occur especially following 
the operative procedure, but the emboli will 
be trapped in the extremity and may appear 
to be surgically eradicated unless a collateral 
vessel is traversed. Lymphatic vessels re- 
generate slowly. 

Occasionally an embolic shower as previous- 
ly described occurs following local removal 
and regional lymph node dissection for malig- 
nant melanoma, when many malignant meta- 
static skin nodules appear between the site of 
local excision and the regional dissection. 
When such an incident occurs, prompt ampu- 
tation or disarticulation might be indicated. 

The procedures are not difficult to perform. 
The complications encountered are few in 
number and are not serious in nature. 
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CONCLUSION 


Fifty-one radical axillary and groin dissec- 
tions were performed for squamous cell carci - 
noma and malignant melanoma of the ex- 
tremities. 

Metastasis is found to be common to the 
regional lymph nodes via the lymphatic route. 
Regional lymph node dissections are usually 
indicated and are to follow the radical loca] 
excision of the primary lesion. 

Careful, frequent follow-up observation is 
essential. 
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TRANSTHORACIC NEPHRECTOMY (RIGHT) FOR 


TUBERCULOSIS OF THE KIDNEY 


VINCENT J. O’CONOR, M.D., F.A.C.S., and JEROME R. HEAD, M.D., F.A.C:S., 
Chicago, Illinois 


URGEONS primarily interested in 
thoracic and upper abdominal surgery 
have been approaching lesions of the 
esophagus and stomach through the 

‘eft diaphragm with increasing frequency dur- 
ing the past few years. This thoracicoabdomi- 
nal approach has in the main been no more 
hazardous to the patient than a simple abdom- 
inal one and has offered much facility in ana- 
tomical exposure. Those who have been es- 
pecially concerned with surgical procedures on 
the kidneys and adrenals have been tradition- 
ally fearful of injuring the diaphragm or of 
entering the pleural cavity. 

The continuing advance in the technique of 
thoracic surgery was put to a most rigid test 
in the treatment of thoracic and upper abdom- 
inal wounds in the recent war. The records of 
these surgical accomplishments, which have 
not yet been completed, testify to the fact that 
the diaphragm can no longer be considered as 
a barrier to anatomical approach to the struc- 
tures lying directly beneath it. 

In discussing “The Thoraco-Abdominal 
Casualty,” Wylie, Hoffman, Williams and 
Rose have recorded a series of 903 patients in 
whom thoracic and abdominal wounds were 
dealt with through a transdiaphragmatic ap- 
proach. A portion of their excellent report will 
be of interest to urological surgeons. Trans- 
diaphragmatic procedures in which thoracot- 
omy alone was employed and the kidney was 
injured were tabulated in Table I. 

These authors point out that through the 
transdiaphragmatic approach on the right 
side, the field of exploration of the abdomen 
was limited to the superior surface of the liver, 
the right kidney, and the hepatic flexure of the 
colon. 

On the left side, the problem is somewhat 
different, the absence of the liver mass, and 
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the relationship of the fundus and body of the 
stomach, spleen, splenic flexure of colon, body 
and tail of pancreas, and the left kidney to the 
anterior surface of the diaphragm, not only 
makes for easy accessibility to these organs 
through the diaphragm, but also permits 
greater facility of exploration and suture from 
below. The exposure which gave the best ap- 
proach to transdiaphragmatic work was the 
posterolateral one, in the region of the ninth 
and tenth ribs. 

Marshall, in his discussion on this subject, 
states that exposure of the left kidney is made 
easy through an enlarged incision in wounds 
of complicated thoracorenal-abdominal injury 
and that these patients tolerate nephrectomy, 
or repair of kidney, extremely well by the 
transdiaphragmatic approach. 

Fox, in a review of 270 cases of thoracico- 
abdominal wounds, reported the removal of an 
injured right kidney through a transdiaphrag- 
matic approach in 2 patients. These were 
primary emergency operations done in a for- 
ward hospital and later treated at a General 
Hospital. Both patients recovered. 

Harper has called attention to the great ad- 
vantages experienced in the removal of a 
tumor of the /eft adrenal gland by a trans- 
diaphragmatic retroperitoneal approach. In 
response to a personal query, Harper stated 
that he had not known of a similar case ap- 


TABLE I. 
Number of 
patients Deaths 
Right nephrectomy and liver drainage. . . 6 2 
Left nephrectomy and splenectomy...... 5 ° 
Left nephrectomy, stomach and jejunal 

ROM oe ncs haan Lag ave wa eeee I ° 
Left nephrectomy, splenectomy, and colos- 

West ace ccs cewek saw guccasusaes I ° 
Left nephrectomy and stomach suture... . I I 
Beit mepmrectonay. . ce. 0a ec ene eens I ° 
Left nephrectomy, stomach suture, and 

NEN eee) 5 ci niciec, sc Con Salcares Waces I I 
Left nephrectomy, jejunal suture, and 

eee oe ee eee I ° 
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Fig. 1. Roentgenogram June 15, 1948 of patient with Fig. 2. The kidneys overshadowed the right diaphragm 
marked deformity of spine. and lungs. June 16, 1948. 


proached through the right diaphragm and_ kidney pedicle. Since the medial aspect of the 
wondered if the body of the liver would inter- wound was prolonged past the end of the dia 
fere with a free retroperitoneal exposure of phragm and into the abdomen, Chute prefers 
the adrenal and kidney. to describe his procedure as ‘‘thoracicoab- 
The authors, being confronted with the dominal” instead of ‘‘transthoracic.’’ Chute, 
necessity of attempting to remove the right Mortensen, and Huggins have purposely made 
kidney by transthoracic approach, made a_ no attempt to keep the procedure retroperi 
careful survey of the literature and could find toneal in their operations through the left 
no recorded instance of a planned right trans- diaphragm. 
thoracic nephrectomy except in the cases of The following case report is unique, both in 
emergency war surgery already cited. the unusual anatomical condition occasioned 
Huggins, of Chicago, Mortensen, of Mel- by the patient’s deformity and in the surgical! 
bourne, Australia, and Chute, of Boston, have _ procedure utilized to remove the right kidney. 
all reported on the advantages of left nans- Olga P., housewife, age 36 years, was referred by 
thoracic nephrectomy in massive tumors of yr. §. Abrahams on June 21, 1946. She complaine: 
the kidney. Chute, in reporting to the 1948 of marked urgency and frequency of urination wit! 
meeting of the American Association of Geni- pain over the suprapubic region. The frequency ha: 
to-Urinary Surgeons, stressed the great ad- been gradually increasing for the past 2 months. At 
; se ° that time she voided every 30 minutes day and night 
vantage conferred by the wide exposure al- although at times she would have noc turia only on 
forded by this route when dealing with large to two times. The past history was that of a tuber 
left renal tumors. He described three such  culous infection of the spine beginning at the age of 
operations and was of the opinion that, in 2 years. This condition had left her with a marke: 
addition to facilitating the removal of ‘the Phat her general health had ben sata 
kidney, the exposure permitted dissection ; | ike 


= ; . from the marked deformity occasioned by the kypho 
under vision of malignant nodes about the sis the patient's general condition was negative or 
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Fig. 3. Marked deformity of spine is present in dorsal 
egion. 


xamination, and the heart and lungs were normal to 
irdinary physical examination. The blood pressure 
was 150/110. The abdomen could not be palpated 
because the thoracic cage was so displaced that the 
lower ribs lay below both iliac crests. The breath- 
ing, therefore, seemed to be mostly abdominal. 
There was some suprapubic tenderness. All reflexes 
were normal. The blood count showed 4,470,000 red 
cells, gt per cent hemoglobin, 10,700 white cells, 
normal differential. The urea nitrogen was 18.3 mil- 
ligrams per cent. The urine on numerous examina- 
tions showed large numbers of leucocytes and clumps 
of pus. The catheterized specimen of the urine 
showed no growth on ordinary culture media after 
38 hours. Acid-fast bacilli were present on direct 
smear of the bladder urine. 

Cystoscopic examination, under pentothal anes- 
thesia, showed that the bladder capacity was con- 
tracted to go cubic centimeters. Both ureteral ori- 
fices were rather wide and gaping, but not typically 
“golf hole” in appearance. Definite tubercles were 
scen in the region of the bas-fond and in scattered 
areas of the bladder wall. Both ureters were readily 
catheterized 30 centimeters with No. 6 French cath- 
eters. Cloudy urine was obtained from the right and 
clear urine from the left. After the injection of phe- 
nolsulfonephthalein there was a prompt appearance 
of the dye in 3 minutes from the left and a marked 
delay in appearance from the right. After 20 min- 
utes the dye was heavily concentrated from the left 
and about a two plus output from the right. Urine 


Fig. 5. 
tion of superior pole o 


Retrograde 
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Fig. 4. Superior calyx of right kidney narrowed, middle 
and lower calyces appear normal. 





»yelogram showed marked destruc- 
right kidney. 


was taken from the bladder and both kidneys for 
acid-fast stain and guinea pig inoculation. X-ray 
examination was carried out with considerable dif- 
ficulty because of the marked deformity of the spine 
(Fig. 1). The kidneys overshadowed the right dia- 
phragm and lungs (Fig. 2). A marked deformity of 
the spine is present in the dorsal region as a result 
of an old tuberculous process (Fig. 3). There is no 
shadow suggestive of stone in the kidneys, ureters, 
or bladder. Retrograde pyelograms showed normal 
pelvic and ureteral outline on the left side. The 
right pyelogram showed a narrowing of the superior 
calyx with a moth-eaten appearance of the major 
superior calyx. The middle and lower calyces on the 
right appeared normal in outline. There is a sugges- 
tion of a narrowing of the upper end of the ureter at 
the junction of the renal pelvis (Fig. 4). The patient 
was afebrile during her stay in the hospital. The 
guinea pig inoculation from the bladder and right 
kidney was positive for acid-fast bacilli. No acid- 
fast bacilli were found from the left kidney and re- 
peated smears from the left kidney were negative. 
Due to the unusual anatomical situation in this 
patient further observation was advised. 

The patient returned to the hospital on December 
1, 1946, stating that the urgency and frequency were 
less bothersome than on previous admission. She 
had been resting at home and had gained 25 pounds. 
The physical findings at this time were essentially 
the same except that cystoscopy revealed a more 
active tuberculous involvement of the bladder than 
previously found. At this time there was some 
question as to whether there was a tuberculous infec- 
tion of the left kidney although the pyelograms re- 
vealed normal outlines and several smears of the 
urine were negative for acid-fast bacilli. Repeated 
injections of guinea pigs with urine from the left 
kidney showed no acid-fast bacilli. Surgical ap 
proach to the right kidney seemed out of the ques- 
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Figs. 6 and 7. Specimen of right kidney. 


tion at this time and she was advised to have strep 
tomycin therapy. She received 50 grams of strepto 
mycin, 1 gram daily for sosuccessive days. This was 
followed by immediate improvement in the frequen 
cy and the patient was able to go as long as 1% to 2 
hours without voiding. 

The patient was not again seen until June 14, 
1948, at which time she re-entered the hospital com- 
plaining of a marked remission of urinary frequency, 
burning, and suprapubic pain. Physical findings at 
this time were essentially the same except the 
patient had gained weight and aside from her urinary 
symptoms seemed to be enjoying excellent health. 
Cystoscopic examination at this time revealed in- 
flammatory lesions scattered throughout the floor 
and lateral walls of the bladder but no evidence of 
tubercle formation as previously had been seen at 
cystoscopy. Both ureters were catheterized and the 
urine from the right was turbid, urine from the left 
crystal clear. After the intravenous injection of 
phenolsulfonephthalein only a small amount of dye 
was obtained from the right kidney in a 30 minute 
period. The dye from the left concentrated normally 
and appeared in 3 minutes. Retrograde pyelogram 
on the right (Fig. 5) showed marked destruction of 
the superior pole of the right kidney with apparent 
erosion of the middle and superior calyces. After 
careful study of the patient it was decided that an 
attempt should be made to remove the right kidney 
through a transthoracic approach. The patient was 
placed on streptomycin, 1 gram daily, for 1 week 
prior to operation. The operation was done June 22, 
1948. 


In this patient, as the result of extreme 
kyphosis, the thoracic cage dropped down 
over the pelvis so that there was no space 
posteriorly for a classical kidney incision 
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and no space anteriorly for an abdominal 
approach. Study of the pyelogram showed 
that the right kidney lay at the level of the 
tenth rib posteriorly. Accordingly, this was 
hosen as the site for the approach. Intra- 
tracheal ether and oxygen anesthesia was ad- 
ministered and the patient was placed on her 
eft side. Through an incision extending later- 
ally from the spine, over and in the direction 
of the tenth rib, a long segment of the rib was 
resected outward from the transverse process. 
Incision through the rib bed led into a free 
pleural cavity just above the reflection of the 
diaphragm onto the thoracic wall. To permit 
a wider separation of the ribs, the eleventh 
rib was transected posteriorly. The diaphragm 
was then incised parallel to its insertion into 
the chest wall. This led into the retroperiton- 
eal space and into the perirenal fat. The kid- 
ney could be easily palpated and was located 
directly beneath the incision. The rib spreader 
was inserted and the ribs spread to secure a 
wider exposure. The general pleural cavity 
was packed off with laparotomy pads. The 
incision through the diaphragm was well be- 
low the lower posterior border of the liver and 
at no time during the operation did the liver 
come into view. 

The kidney, together with all attached peri- 
renal fat, was readily freed and careful visual 
separation of adhesions and several enlarged 
lymph nodes was most satisfactorily accom- 
plished under direct vision. The renal pedicle 
was first tied, without clamping, with No. 2 
chromic catgut. A pedicle clamp was applied 
and the pedicle was severed. The ureter was 
freed as far down as possible and was divided 
between clamps. After removal of the kidney 
the ureteral stump was transfixed and ligated 
with No. 1 chromic and the cut end was caut- 
erized with phenol and alcohol. The exposure 
permitted a rapid and easy procedure. 

The incision in the diaphragm was closed 
with a continuous suture of No. 1 chromic cat- 
gut. A mushroom catheter was inserted into 
the pleural cavity through a stab wound above 
the incision. The rib bed was closed with a 
continuous suture of No. 1 chromic catgut 
and the muscles, fascia, and skin with inter- 
rupted silk sutures. Following the operation 
the drainage catheter was attached to a water 
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Figs. 8 and g. Front and profile views of patient, Sep- 
tember 30, 1948. 


trap to permit the escape of fluid and air. A 
roentgenogram taken the day following the 
operation showed that the lung had com- 
pletely expanded and that there was no fluid 
or air in the pleural cavity. The drainage 
catheter was removed the following day. 

Pathology report: Right kidney (Figs. 6 and 7). 
The gross specimen preserved in formalin consists of 
a kidney and numerous irregularly shaped pieces of 
fibroadipose tissue. The kidney weighs 95 grams 
and measures 7.5 by 4.5 centimeters. The capsule is 
thickened and strips with difficulty exposing a nodu- 
lar gray and tan granular surface. The kidney is 
moderately decreased in consistency and resistance 
to section. The cut surfaces reveal the cortical and 
medullary markings to be indistinct. The paren- 
chyma has been replaced for the most part by ne- 
crotic cysts which have a rough gray wall and are 
filled with pale yellow material. In other places the 
tissue is yellow and firm. The fibroadipose tissue is 
gray and yellow and is not remarkable in appear- 
ance, consistency, and resistance to section. Within 
the adipose tissue is a blood vessel which has a lumen 
almost occluded by yellow firm tissue. 
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Microscopic section of the kidney reveals the 
usual architecture to be distorted. The glomeruli for 
the most part have degenerated into fibrotic tufts. 
The capsules of Bowman are moderately to marked- 
ly thickened. The arterioles and arterial arteries re- 
veal marked arteriosclerosis with minimal thicken- 
ing, hyalinization, and cholesterol deposition. The 
parenchyma is markedly infiltrated with lymphocy- 
tes and plasma cells. Moderate hyperemia is pres- 
ent. The parenchyma is compressed. The remain- 
ing area is occupied by areas of necrosis surrounded 
by loose connective tissue. There is marked lymph- 
oid infiltration about the periphery of these lesions 
and an occasional giant cell. Section of the ureter 
reveals the muscular wall to be thin and markedly 
infiltrated with lymphoid cells, frequent neutrophils, 
and eosinophils. The mucosa is absent and flanked 
by loose connective tissue in which the cellular in- 
filtration is moderate. The central portion of the 
wall consists of necrotic tissue. The fibroadipose tis- 
sue adjacent to the ureter shows slight focal hemor- 
rhage, but otherwise the structure appears as usual. 
Sections from the distal part of the ureter which is 
included with the specimen show the wall to contain 
many lymphocytes and large mononuclear cells. In 
the lumen there is necrotic material. Sections of the 
kidney stained by the Ziehl-Neelsen technique show 
no acid-fast bacilli. 


Diagnosis: Tuberculous polynephritis, tuberculous 
ureteritis. 

The patient’s convalescence was completely 
uneventful. The temperature rose to 101 
degrees with a pulse of 100, 48 hours after 


operation. During the following 3 days the 
temperature gradually returned to normal and 


the pulse stabilized at 80. From the fifth 
postoperative day on there was no elevation of 
temperature. The wound healed per primam 
and the stitches were removed on the eighth 
day. The patient was discharged on the seven- 
teenth postoperative day. She had been up 
and about after the third postoperative day. 
Her urinary symptoms improved spectacu- 
larly from the day of operation onward and 
when the patient left the hospital she was 
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voiding every 3 hours and without pain as 
against painful, frequent urination every 30 
minutes before operation. One gram of strep- 
tomycin daily was continued during the 17 
postoperative days. This patient has con- 
tinued to enjoy improved health and when last 
seen on June 1, 1949, the urine was spark- 
ling clear and contained no pus and was 
negative for acid-fast bacilli. The bladder 
capacity was 220 cubic centimeters and the 
nocturia had decreased to one or two times. 


SUMMARY 


A right transthoracic nephrectomy is re- 
ported. A tuberculous kidney was removed 
in a patient with such an extreme kyphosis 
that access to the kidney through a lumbar or 
abdominal incision was impossible. The ex- 
posure obtained was even more satisfactory 
than that usually developed through an ideal 
lumbar incision. The position of the liver of- 
fered no interference and the operation was 
entirely retroperitoneal. Convalescence was 
as rapid and smooth as in patients who have 
had the conventional operation. 

So far as we can ascertain, this is the first 
recorded planned operative procedure for re- 
moval of the right kidney by the transthoracic 
route. 
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THE USE OF FREE PERITONEAL GRAFTS 
IN INTESTINAL ANASTOMOSES 


SPENCER T. CHESTER, M.D., H. GLENN BELL, M.D., F.A.C.S., and 
H. J. McCORKLE, M.D., F.A.C.S., San Francisco, California 


ECENTLY, Devine reported a meth- 
od for the prevention of leakage in 
intestinal anastomoses. In a group 
of dogs, the colon was divided 

ind anastomosed with a single, continuous, 
through-and-through silk suture which trans- 
versed all layers of the intestine. This ob- 
viously inadequate method invariably resulted 
in fatal peritonitis in the control animals. In 
another group of dogs, the anastomoses were 
covered with grafts of free peritoneum which 
were fixed to the intestine with plasma- 
thrombin clots. The grafts were held in posi- 
tion with pressure applied for 5 minutes; no 
sutures were used. All grafts remained ad- 
herent and only 1 of the animals died of 
peritonitis, this being one in which a perfora- 
tion was made in the graft at operation. The 
grafts were firmly fixed in 24 hours, and after 
4 days, the margins could not be lifted. 
Devine also placed a free peritoneal graft 
around an exteriorized loop of human intes- 
tine and obtained similar results. 

Further information about the use of free 
peritoneal grafts to cover intestinal anas- 
tomoses was sought in the following experi- 
ments: 

Sixteen dogs were anesthetized with sodium 
pentobarbital and the abdomen opened through 
a low vertical abdominal incision. A rec- 
tangular graft of peritoneum 1 by 3 inches in 
size (which included some or all of the thin 
fascia of the posterior rectus sheath) was re- 
moved from the lateral aspect of the laparot- 
omy incision (Fig. 1). A loop of colon was 
divided and a closed end-to-end anastomosis 
performed with a layer of single interrupted 
No. 40 cotton sutures (Fig. 2). The free 
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peritoneal graft was placed around the anas- 
tomosis, peritoneal side down, after the graft 
had been moistened with thrombin solution 
(500 units per cubic centimeter of physio- 
logical saline) and the intestine at the site of 
anastomosis was moistened with serum. The 
graft was then sutured in position with inter- 
rupted sutures of No. 100 cotton (Fig. 3). 
Bubbles of air were removed from beneath 
the graft. The laparotomy incision was closed 
with interrupted sutures. 

There were no deaths, and no evidence of 
peritonitis in the 16 experiments. In these 
experiments the grafts probably did not con- 
tribute significantly to the prevention of peri- 
tonitis as there was no mortality or evidence 
of peritonitis in a group of 8 similarly anas- 
tomosed, but ungrafted control animals. 

The grafts of 11 of the animals were exam- 
ined 3, 5, 7, 9, 12. and 14 days postoperatively, 
and those in the remaining 5 animals were 
seen 44 to 120 days postoperatively. The 
grafts remained completely viable in every 
animal and the outer raw surface was covered 
with epithelium as early as the twelfth post- 
operative day. Adhesions around the graft 
were observed in ro of the 11 dogs which were 
examined in the first 14 days, and in most of 
these go to too per cent of the graft was 
covered with omentum, small intestine, or 
with mesentery. 

In the 5 animals whose grafts were seen in 
44 to 120 days postoperatively, 2 had ad- 
hesions, and in these cases they covered ap- 
proximately 40 per cent of the surface of the 
grafts. These grafts were firmly adherent to 
the intestine and appeared to be covered with 
endothelium. There was no evidence of stric- 
ture at the site of anastomosis or of dilatation 
or hypertrophy of the intestine proximal to 
the anastomosis in any of the animals. There 
was some tendency for the grafts to contract 
transversely after being in place several weeks, 
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Fig. 1. A, Removal of peritoneal graft from lateral edge 
of laparotomy wound. B, Peritoneal graft after removal 
from the abdominal wall. 


but this was not evident in the first 2 post- 
operative weeks. 

Microscopic examination of the grafted in- 
testine removed 3 days postoperatively showed 
the graft to be thick, edematous, and infil- 
trated with an acute inflammatory exudate 
which consisted mainly of polymorphonuclear 
neutrophil cells. The space between the graft 
and the intestine was filled with acute in- 
flammatory exudate. There was no evidence 
of vascularization or fibroblastic infiltration. 
The serosa and subserosa of the colon showed 
marked vascular congestion. Microscopic 
examination of the grafted area removed on 
the fifth postoperative day revealed vasculari- 
zation of the edematous graft due to the in- 
growth of capillaries. At this time fibroblasts 
were present and the acute inflammatory 
exudate had disappeared. The space between 
the graft and intestine was filled with early 
granulation tissue containing many dilated 
capillaries and fibroblasts. The acute inflam- 
matory exudate had disappeared except in 
areas immediately surrounding the cotton 
sutures. The serosa and subserosa of the in- 
testine showed vascular congestion and capil- 
laries and fibroblasts projected from this re- 


gion into the space between the graft and the 
intestine. At 7 days the granulation tissue be- 
tween the graft and intestine showed more 
evidence of organization and the capillaries 
and the fibroblasts tended to run perpendic- 
ularly from the intestine to the graft, and the 
beginning of collagen formation was seen. At 
9 days the graft was still vascular and thick- 
ened and showed collagen deposition, and 
vascularization. and fibroblastic proliferation 
were less evident. At 14 days the graft was 
still thick but the granulation tissue was much 
less evident. The collagen deposition was un- 
changed. The outer surface of the graft was 
covered with endothelium. The area between 
the graft and intestine was not distinguishable 
from graft or intestinal wall. 

The specimens removed 44 to 115 days post- 
operatively showed the grafted area still 
thickened but otherwise indistinguishable 
from the normal serosa and subserosa of the 
intestine; and sutures were surrounded by 
fibrous tissue. 

In these experiments, a serum-thrombin 
solution was used instead of a plasma-throm- 
bin clot. This was not intentional but was due 
to an oversight at the onset of the experiment. 
However, because the results were satisfac- 
tory, the serum-thrombin solution was used 
for the entire series. This serum-thrombin 
mixture does not clot, nor does it have any 
immediate adhesive properties of note; it is 
slightly “sticky” to touch, but this is not 
sufficient to hold a graft in place without 
sutures. Thus, these experiments demonstrate 
the part free graft alone plays in sealing off 
the anastomosis site. It is well known that 
the opposing serosal surfaces of the peritoneum 
are the important structures sealing off a 
gastrointestinal anastomosis and that this 
sealing process takes place within 12 hours 
after the anastomosis. It appears reasonable 
to expect a peritoneal graft to behave similar- 
ly, especially if it is held against the intestinal 
wall with the slight tension produced by sutur- 
ing it in position. It is conceded that these 
grafts might have taken just as well without 
the use of the serum-thrombin mixture. 
However, it appears preferable to seal free 
peritoneal grafts by the plasma-thrombin clot 
method because of the immediate sealing and 
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Fig. 2. A, Site of division of colon. B, One layer closed 
end-to-end anastomosis, interrupted No. 40 cotton sutures 
were used. 


Fig. 3. A, Placing of graft around site of anastomosis. 


B, Free peritoneal graft sutured in position around site of 
anastomosis. 
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fixing effect and also because of the pos- 
sible value of the use of the serum thrombin 
mixture in the early nutrition of the free 
peritoneal graft. 

Another point for consideration is the fact 
that the peritoneal side of the graft was placed 
next to the anastomosis leaving the raw sur- 
face facing the peritoneal cavity. The reason 
for doing this has been indicated in the pre- 
ceding paragraph. Also it was the method 
used by Devine. The main objection to this 
procedure is the fact that adhesions form on 
the exposed unperitonealized surface. They 
were found in go per cent of animals in the 
first 2 weeks and in 4o per cent after 6 weeks. 
Experiments to study a similar procedure in 
which the raw surface of the graft is placed 
next to the intestine against the anastomosis 
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are being carried out at the present time in 
the laboratory. 

The use of sutures in place of pressure to 
hold the grafts in place appears preferable as 
sutures diminish the tendency for the graft 
to slip. 

SUMMARY 

Free peritoneal grafts were applied to 
anastomoses of the colon in 16 experimental 
animals. Gross and microscopic studies in- 
dicated that the grafts remained completely 
viable and adherent. Such grafts caused no 
constriction at the site of intestinal anas- 
tomoses. 

REFERENCES 
1. DEVINE, J. Surg. Gyn. Obst., 1946, 82: 475. 


2. Sano, M. E. Surg. Gyn. Obst. 1943, 77: 510. 
3. Younc, F., and Favata, D. V. Surgery, 1944, 15: 378. 





THE EFFECT OF INTRAMEDULLARY NAILING ON 
THE HEALING OF FRACTURES 


An Experimental Study 


WILLIAM T. FITTS, Jr., M.D., BROOKE ROBERTS, M.D., STANLEY I. SPOONT, M.D., 
and VERN W. RITTER, M.D., Philadelphia, Pennsylvania 


URGEONS have long sought a safe 
method of treating fractures that would 
effect complete immobilization of the 
bone fragments, allow complete mobi- 

lization of the rest of the body, and yet not 
retard bone healing. Intramedullary nailing, 
introduced by Kuentscher (2, 3, 4) of Germany 
in 1940, has been advocated as approaching 
this goal. Although the method was used 
extensively by European surgeons during 
World War II, it has only recently begun to 
attract much attention in the United States 
(5, 7): 

Considerable dispute has arisen over the 
efficacy of nailing, and many surgeons have 
emphasized the risk of complications from its 
use, notably shock during operation, and post- 
operative infection. Another controversial but 
fundamental issue is the effect of the nail on 
fracturehealing. Kuentscher (3) himself stated 
unequivocally that the nail stimulates callus 
formation and speeds the healing process, 
which has been disputed by other investiga- 
tors (1, 6). After extensive work with intra- 
medullary nailing, Boehler concluded that the 
nail often inhibits callus formation and said, 
“This finding constitutes the greatest disap- 
pointment that I have experienced as a phy- 
sician, because I had set the highest hopes 
upon the callus stimulating effects of the 
medullary nail.”’ 

So far as we have been able to determine, 
these opinions have been based either on clin- 
ical impressions or on uncontrolled experi- 
ments. Because it is probable that intra- 
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medullary nailing is the best method now 
available for the treatment of certain types of 
fractures and that its use will become more 
widespread, it seemed desirable to obtain more 
exact information concerning its effect on 
fracture healing. This we have attempted by 
a study of experimental fractures of the dog’s 
ulna. 
METHOD 

When a dog’s ulna is fractured in the distal 
half, the fragments do not become significantly 
displaced or angulated due to the immobilizing 
effect of the intact radius and interosseous 
membrane. The fragments eventually unite 
in good position without any other form of 
immobilization and without restriction of the 
dog’s activity. Such a fracture is excellent for 
testing the effect of variables on healing. 

In our experiments the ulna was exposed 
bilaterally under aseptic precautions in dogs 
anesthetized with intravenous nembutal (25.0 
mgm. per kilogram). The ulnas were frac- 
tured transversely with a one strand Gigli saw 
at corresponding levels, usually at the junc- 
tion of the middle and distal thirds. On one 
side a stainless steel Kirschner wire (diameter 
I.2 mm.) was inserted through the olecranon 
process into the medullary cavity and past the 
fracture site into the distal fragment. The 
wire usually filled the marrow cavity in the 
vicinity of the fracture. The opposite side 
was similarly drilled, but the wire was then re- 
moved, making the presence of the wire the 
only variable (Fig. 1). Because each dog 
served as its own control, all systemic factors 
which might alter fracture healing—e.g., age, 
sex, nutrition, activity,—were eliminated. As 
a prophylactic measure against infection 
300,000 units of penicillin in oil were injected 
intramuscularly at completion of operation. 
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b 
Fig. 1. Dog’s ulna fractured bilaterally at similar levels 
with a Gigli saw. Roentgenograms taken immediately after 
operation. a, Left leg, Kirschner wire inserted through the 
olecranon process and past the fracture site. b, Right leg, 
medullary cavity drilled but wire removed. 


A fracture of the type described is a severe 
test of healing. It is transverse; it is in a lo- 
cation where union is commonly slow; and the 
fragments are distracted for a distance equal 
to the width of the Gigli saw since the intact 
radius maintains the length of the leg. The 
distraction is readily apparent on all the 
roentgenograms. It is not surprising, there- 
fore, that union was uniformly slow on both 
sides. The slow rate of healing tended to 
magnify minor differences on the two sides 
and thus make the method especially appro- 
priate for experimental purposes. 

The degree of immobilization was not ex- 
actly similar on the two sides. It was evident 
at operation that the wire gave more rigid 


a b 


Fig. 2. Dog’s ulna fractured bilaterally at junction of 
middle and distal thirds. Roentgenograms were taken 
immediately after operation. a, Control side which was 
not drilled. b, Kirschner wire has been inserted into each 
fragment. 


fixation of the fragments. However, rotary 
motion, which is thought to be one of the 
commonest causes of nonunion of the distal 
ulna in man (8), was retained on the pinned 
side because the wire was not flanged. 


EXPERIMENTAL DATA 


Fourteen mongrel dogs were operated on. 
In 8 dogs the operation was performed exactly 
as described above. In 3 dogs the Kirschner 
wire was divided at the fracture site in order to 
eliminate the factor of better immobilization 
by the wire and its effect on bone healing 
(Fig. 2). In 2 dogs large pins were inserted 
into unfractured long bones of the hind leg. 
Stainless steel Steinmann pins (diameter 4.0 
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Fig. 3. Steinmann pin inserted through the knee into medullary cavity of the dog’s 
femur. a, Roentgenogram taken immediately after operation. b, Four weeks after 
fracture. Periosteal callus noted opposite the two points where pin contacts inner 


cortex. c, Eight weeks after fracture. 


mm.) were used (Fig. 3). On the control sides 


the bones were drilled in a similar manner, but 
the pins were then removed. In 1 dog the 
radius was fractured in its distal half while in 
the opposite leg the ulna was fractured and a 
Kirschner wire inserted through the olecranon 
(Fig. 4). RESULTS 

In every instance extensive periosteal callus 
at a distance from the fracture site was noted 
on the pinned side. That the reaction was not 
due to infection was indicated by freedom 
from clinical signs of infection and absence 
of infection when the dogs were later sacri- 
ficed. Boehler has attributed some types of 
periosteal callus (“‘periosteal appositions’’) to 
rusting of the nail. In these experiments no 
instance of rusting of wire occurred. The 
periosteal reaction reached its peak roent- 
genologically at about 4 to 6 weeks after 
pinning and then gradually disappeared. The 
reaction was most striking in dog No. 7 (Figs. 
5 and 6). 

We believe that an explanation for this callus 
is furnished by the experiments in which 


Steinmann pins were inserted into unfractured 
femurs. The periosteal reaction was found 
only opposite the points where the pin was in 
direct contact with the inner side of the cortex 
(Fig. 3). 

The results were generally consistent in the 
8 dogs whose ulnas were fractured and a single 
Kirschner wire inserted on one side (Table I). 
In 1 instance the bone was fractured in the 
proximal third, and nonunion occurred on 
both sides. In the remaining 7 dogs callus at 
the fracture site appeared earlier on the 
pinned side in every instance. Two dogs died 
of distemper before union occurred. In 4 of 
the remaining 5, union occurred more rapidly 
on the pinned side (Fig. 7). In only 1 instance 
did union occur earlier on the unpinned side. 
The average time for union on the pinned side 
was 4 months and on the unpinned side 6 
months. Although callus at the fracture site 
appeared sooner on the pinned side and al- 
though union was quicker on the pinned side, 
the maximum callus at the fracture site seen 
on the roentgenograms was usually greater on 
the unpinned side. 
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a b 


Fig. 4. Bilateral foreleg fractures with a Gigli saw. 
Roentgenograms taken immediately after operation. a, 
Right leg, radius fractured just distal to middle. Note that 
the ulna does not prevent shortening. b, Left leg, ulna 
fractured and Kirschner wire inserted. Note that the 
stronger radius prevents shortening and maintains dis- 
traction. 


In 3 dogs the Kirschner wire was cut at the 
fracture site in order to eliminate the factor of 
immobilization by the wire. One dog died 
from pneumonia 2!4 weeks after operation, 
but of the 2 which survived both had more 
rapid union on the unpinned side (Fig. 9). 

At autopsy no difference could be noted at 
the fracture site between the pinned and the 
unpinned sides of the dogs whose ulnas united. 
Infection was not found by gross examination 
in any instance. Microscopic examination 
showed only minimal signs of reaction to the 
wire (Fig. 8). 

Results were most interesting in the dog 
whose radius was fractured (ig. 4). When 


a b 


Fig. 5. Dog’s ulna fractured bilaterally with a Gigli saw. 
Roentgenograms taken 4 weeks after fracture. a, Control 
side. b, Pinned side showing extensive periosteal callus 
involving almost the entire shaft. 


this dog bore weight, the intact ulna, not being 
strong enough to support the weight of the 
dog, broke at the level of the radial fracture. 
The effect of distraction on the rate of healing 
was then strikingly demonstrated. Figure 10 
shows the abundant callus seen at 3 weeks in 
this leg. Union took place in 6 weeks without 
any form of immobilization and with both 
bones broken (Fig. 11), whereas the opposite 
ulna, distracted by the intact radius, united 
only after 36 weeks. 


COMMENT 


The fact that callus appeared more rapidly 
and union took place more quickly on the 
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Fig. 6. Same dog as Figure 5. Roentgenograms taken 5 
months after fracture. Good union on both sides. The 
periosteal callus has nearly disappeared. 


TABLE I.—A COMPARISON OF FRACTURE HEAL- 
ING IN PINNED AND UNPINNED BONES 

- Time of first 

appearance of 


callus by 
roentgenogram 





Maximum callus 
developed at 
fracture site 

(on basis 1 to 4) 


Time of bony 
union by 
roentgenogram 





Unpinned Pinned 
side side 


Unpinned | Pinned | Unpinned | Pinned 
side side side side 
mos. mos. 


6 8 


7 3 








Nonunion 

4 | ++ 
9 4 | ++ | 43 
3 “| oes | Os 


Dog died of distemper between 
second and third week 


Nonunion 











None at 2 Dog died of distemper at second 
weeks week 

















.Ulna of 8 dogs fractured bilaterally at similar levels. One side pinned 
with a Kirschner wire inserted through the olecranon. 
*Fracture in proximal ulna. 


a b 
Fig. 7. Dog’s ulna (Dog 2) which had been fractured 
bilaterally at similar levels with a Gigli saw. Roentgeno- 
grams were taken 3% months after receipt of fracture. a, 
Delayed union on unpinned side. b, Union on pinned 
side. 


Fig. 8. Photomicrograph of a longitudinal section 
through fracture site of pinned ulna of Dog No. 1, 8 months 
after fracture and immediately after removal of wire. Note 
good bony union and absence of marrow elements. No 
significant reaction to the wire is seen. 
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Fig. 9. Roentgenogram of dog shown in Figure 2 taken 
4 months after fracture. Kirschner wire divided at fracture 
site. a, Union on unpinned side. b, Delayed union on 
pinned side. 


Fig. 10. Dog pictured in Figure 4, 3 weeks after frac- 
ture. a, The ulna broke spontaneously within the first 
week. Note exuberant callus about both fractures on im- 
pacted, unpinned side. b, Delayed union on distracted, 
pinned side. 


Fig. 11. Same dog as in Figures 4 and 10. Roentgeno- 
grams 6 weeks after fracture. a, Good union on impacted, 
unpinned side. b, Delayed union on distracted, pinned side. 
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pinned side in the first group of experiments 
suggested that the presence of the wire stimu- 
lated healing. Yet when the wire was divided 
at the fracture site, the pinned side healed less 
rapidly. In this case it was noted at opera- 
tion that immobilization was better on the 
unpinned side. This was due to the fact that 
the insertion of the pins from the fracture site 
required temporary displacement of the frag- 
ments and consequent damage to the inter- 
osseus membrane. It appears that in each 
nstance the factor determining more rapid 
inion is the degree of immobilization and not 
he presence or absence of the wire per se. 
eriosteal callus formation at a distance from 
he fracture was definitely associated with the 
ywresence of the intramedullary wire. The 
nere destruction of the marrow cavity by the 
nsertion of a wire, which was then removed, 
did not produce a periosteal reaction, nor was 
periosteal reaction caused by rusting of the 
wire. 

In the third group of experiments, when a 
pin was inserted into the unfractured femur, 
periosteal callus appeared only opposite the 
points where the pin contacted the inner side 
of the cortex. This strongly suggests that the 
periosteal callus is produced by a pressure 
phenomenon. Such an explanation fits in well 
with the fact that in our experiments the 
periosteal reaction subsided concomitantly 
with the loosening of the wire and release of 
the pressure stimulus. 


SUMMARY AND CONCLUSIONS 


1. The insertion of an intramedullary wire 
into the dog’s ulna fractured experimentally 
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produces periosteal callus over an area often 
far removed from the fracture site. This callus 
reaches its maximum on the roentgenogram at 
4 to 6 weeks and is gradually absorbed. It 
appears to have little effect on the healing of 
the fracture and is not the result of destruc- 
tion of the marrow. We postulate that this 
callus is caused by pressure of the wire on 
the inner cortex and that its disappearance 
is due to absorption of bone and the release 
of pressure. 

2. Fractures of the distal half of the ulna 
heal more rapidly if a wire is inserted through 
the medullary cavity past the fracture. The 
more rapid union is probably due to the 
better immobilization which is effected by the 
wire and not to any callus stimulating effect 
of its presence. 

3. It is probable that the presence of an 
inert foreign body in the medullary cavity 
does not significantly delay or speed fracture 
healing. 

4. The deleterious effect on fracture heal- 
ing produced by distraction is strikingly shown 
by these experiments. 
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HISTOCHEMICAL STUDIES ON GLYCOGEN IN CARCINOMA 


IN SITU OF THE CERVIX UTERI 


J. F. A. MCMANUS, M.D., and LYMAN FINDLEY, M.D., Birmingham, Alabama 


DESCRIPTION of the staining of 
glycogen in paraffin sections of car- 
cinoma in situ and other lesions of 
the cervix uteri is presented in this 

paper. It includes a brief discussion of car- 
cinoma in situ based upon the morphological 
and chemical features of the lesion. 

Normal cervical squamous epithelium con- 
tains a large amount of glycogen. This is best 
shown (Fig. 1) in section with the periodic 
acid Schiff’s reagent (PAS) method (2,3) by 
which glycogen and the basement membrane 
of the epithelium color purple. The identity 
of the intraepithelial granules as glycogen can 
be proved by digestion with malt-diastase by 
the method of Lillie and Greco (Fig. 2). Gly- 
cogen is lacking in carcinoma of the cervix (5). 

Carcinoma in situ of the cervix uteri denotes 
atypical epithelial cell masses which are still 
within the basement membrane although 
otherwise resembling carcinoma. The term is 
used synonymously with intraepithelial car- 
cinoma, preinvasive carcinoma, and Bowen’s 
disease of the cervix. The concept of carcino- 
ma, recognizable without invasion, dates from 
Schiller’s report of 1933 in which he describes 
the advancing margin of florid carcinoma of 
the cervix as sometimes having points of 
junction with the normal squamous epithe- 
lium. These points of junction show the atypi- 
cal carcinomatous cells retained within the 
basement membrane and not actually invading. 

A series of 19 cases are reported by Schiller 
in which atypical areas, corresponding to the 
advancing margin of carcinoma, are seen in 
otherwise normal cervices and are taken to be 
early carcinoma (6). In none was there clinical 
evidence of cancer. Eight patients of the 19, 
or 42 per cent, are less than 4o years of age. 
Points of junction between normal and ab- 
normal epithelium resemble those seen in 
frank carcinoma. 
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The concept of Schiller is then that cancer 
of the cervix may be preceded by a noninva- 
sive stage. Meyer has studied the matter and 
suggests some doubt that the preinvasive 
stage always progresses to definite cancer. 
TeLinde and Galvin believe that there may 
be a lapse of quite some time, perhaps years, 
before frank cancer develops from such le- 
sions. They have studied and described a series 
of early carcinoma cases in some detail. 

TeLinde and Galvin describe hyperactivity 
beginning in the basal layer of the cervical 
epithelium, then progressing more superficial- 
ly to involve the entire thickness of the epi- 
thelium (7). This produces a disturbance in 
the architecture of the epithelium so that nor- 
mal stratification is lost. The cells become 
more numerous and they show variation in 
size, shape, and staining quality, much like 
invasive cancer cells. At this stage the lesion 
is Schiller’s early carcinoma, or carcinoma in 
situ. It is thought that the entire thickness of 
the epithelium is taken over by the hyperactive 
basal cells before invasion begins. Cervical 
glands are described as a favorite route of the 
beginning invasion. 

Types of junction between normal and 
hyperactive epithelium are described by Te- 
Linde and Galvin. The hyperactive and nor- 
mal epithelium may be demarcated by a 
short oblique line of Schiller. In other cases a 
long oblique line can be made out demarcat- 
ing the hyperactive basal layers below from 
the normal upper epithelium. 

These authors report 11 cases of extremely 
early carcinoma in which the average age of 
the patient is 36 years as compared with the 
average age of 48 years for carcinoma of the 
cervix in general. It is believed that this in- 
dicates the possibility of a surface lesion exist- 
ing for years before the development of 
invasion. 

The whole emphasis on intraepithelial car- 
cinoma is based upon attempts to recognize 
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Fig. 1. Periodic acid Schiff’s reagent (PAS) technique ap- 
plied to normal cervical epithelium. The basement mem- 
brane is seen to stain heavily. The basal cells contain no 
glycogen. Large amounts of heavily staining glycogen are 
seen in the more superficial cells. 


carcinoma of the cervix earlier and thereby 
improve therapeutic results, the diagnosis 
being made without invasion. It is not by any 
means clear that carcinoma in situ is actually 
carcinoma. For this reason the present series 
of cases of carcinoma in situ and allied lesions 

' of the cervix have been studied histologically 
and histochemically. The histochemical study 
allows another approach to a subject that has 
been well worked previously. We believe that 
it does add some information and may assist 
in the interpretation of several types of lesions 
of the cervix uteri. 


MATERIALS AND METHODS 


The material included in this report com- 
prises the cervical biopsies and surgical spe- 
cimens from the charity service of the Jef- 
ferson-Hillman Hospital during the period 
July 1, 1947 to August 1, 1948. During this 
time there were 2,697 biopsies and surgical 
specimens of all types. Eight cases had been 
definitely diagnosed as carcinoma in situ and 
showed the typical intraepithelial changes. 
The original slides were reviewed, additional 
sections cut and stained by the period acid 
(PAS) Schiff’s method. It was found that 
glycogen could be demonstrated by PAS after 
formalin fixation and autotechnicon handling. 

Six patients were colored and 2 were white. 
The average age was 35 years. Two women 
were pregnant, 1 was an intrauterine preg- 
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Fig. 2. Case 2. On the left, PAS reaction applied to 
intraepithelial carcinoma at its point of junction with 
normal epithelium. The short oblique line of Schiller is well 
demonstrated. On the right, PAS reaction applied after di- 
gestion with malt diastase. This identifies the heavily 
staining intracellular granules seen in the left hand picture 
as glycogen. 


nancy, the other a tubal pregnancy. An outline 
of these 8 cases is presented in Table I. 

Three typical cases are reported in some 
detail. 

CASE REPORTS 

CasE 1. C.R., a 37 year old colored female was ad- 
mitted with the chief complaint of a heavy feeling 
in the abdomen associated with a mild low ab- 
dominal pain. Menstrual history was negative ex- 
cept for prolonged bleeding (2 weeks) during her 
last menstrual period. Physical examination re- 
vealed an irregular firm mass filling the lower ab- 
domen and extending up to 3 fingerbreadths below 
the umbilicus. On pelvic examination this mass was 
thought to be continuous with the uterus. Labora- 
tory work revealed a red blood cell count of 3,q00,000 
with a hemoglobin of to.5 grams. White blood cell 
count and differential were essentially normal as was 
the urinalysis. The Kahn was reported positive. The 
clinical impression was multiple fibromyomas of the 
uterus, and after one 500 cubic centimeters whole 
blood transfusion a total hysterectomy was per- 
formed without difficulty. Postoperative course was 
entirely uneventful. 

Routine section of the cervix showed an almost 
complete loss of the normal stratification in the 
stratified squamous epithelium. The cells had the 
same appearance from the basement membrane 
out to the most superficial cells. For the most part 
they were round and somewhat hyperchromatic. 
Occasional very large nuclei could be found and a 
few multilobed nuclei were noted. Mitotic figures 
were noted occasionally. A few polymorphonuclear 
leucocytes were seen scattered between the epithelial 
cells. In an additional section a segment of seem- 
ingly normal stratified squamous epithelium was 
noted. At one point there was a rather abrupt 
transition to epithelium that was definitely hy- 
peractive. The cells here showed no stratification. 
The nuclei were hyperchromatic, they showed con- 
siderable variation in size and shape and sometimes 
tended to line up in spindle cell formation (Fig. 3). 
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TABLE If. 








Case No.| Patient Presurgical biopsy 





Pathologic examination of 


Surgical procedure Date surgical specimen 





C.R. 


| Carcinoma i in situ 





(1) Chronic c cervicitis 

(2) Chronic cervicitis (see com- 
ment) 

(3)Carcinoma in situ of cervix, 
chronic cervicitis 


(1) Possible « carcinoma a of cervix 
(2) Squamous cell carcinoma in 
situ of cervix 
(3) Squamous cell carcinoma from 
vagina 


Total hysterectomy 11-20-47 | (t) Squamous cell carcinoma of cer- 
vix in situ 
(2) Fibromyomas of uterus, intramur- 
al, subserous and submucous 
(3) Endometrial polyp 





Total hysterectomy 7-19-48 | (1) Carcinoma in situ of cervix 
(2) Subserous, intramural, and sub- 
mucous fibromyomas of uterus 
(3) Chronic cystic cervicitis 
(4) Adhesions on peritoneal surface of 


uterus : 
(5) Proliferative endometrium 


Total hysterectomy and 2-20-48 | (1) Hyperplasia and atypicalities of 
right salpingo-oophor- growth in cervical epithelium* 
ectomy (2) Carcinoma in situ (previous 








Ps 
(3) rine intramural fibromyomas 
of uterus 
(4) Benign endometrial polyp 
(5) Hemorrhagic corpus luteal cyst 
(6) a chronic follicular salpingi- 


(7) Tins peritoneal tags and ad- 
hesions on uterus 
Insertion of radium i in-|6-25-48 | None 
to uterus, cervix, and 
vagina (5760 mgm. 
hours) 








7| (t) Squamous cell carcinoma of 
cervix** 


Total hysterectomy, bi-|12-1-47 | (1) Squamous cell carcinoma of cervix 
lateral salpingo- in situ 
oophorectomy (2) Fibromyomas of uterus, intra- 
mural, subserous 
(3) Normal tubes and ovaries 





12-23-47| (1) Carcinoma in situ 


(1) History of biopsy showing car- 
cinoma in situ 

(2) Right tubal pregnancy with 
hemorrhage 

(3) Chronic cervicitis 

(4) Proliferative endometrium 


Total hysterectomy, 
right salpingectomy, 
appendectomy 





rs 19-47 | (1) Chronic cervicitis, metapla- 
sia of endocervical glands, 
single epithelial mass with 
atypical features 

(2) Possible squamous cell car- 
cinoma of cervix 

(3) Severe chronic  cervicitis, 
marked squamous metaplasia 
with atypical areas 


Total hysterectomy, | 9-6-47 |(1) Chronic cervicitis with probable 
appendectomy carcinoma in situ 





6-4-47 | (1) Probable carcinoma of cervix, 
small nabothian cyst 

6-9-47 | (2) Probably squamous cell carci- 
noma (in situ) of cervix 

















(1)Squamous cell carcinoma of cervix, 
Grade I (hist.) 
(2) Uterus with 12 cm. fetus 


Total hysterectomy 











*See detailed report Case 3. 


**The surface epithelium in this biopsy showed a loss of stratification with considerable variation in nuclear size. Occasional mitotic figures were 
noted. There is invasion in the cervical glands, but nowhere can invasion beneath the basement membrane be discovered. Periodic acid stain reveals an 
absence of glycogen in all this hyperactive epithelium. Sections of the cervix after surgery shows essentially the same picture. We are of the opinion 


that this represents early carcinoma with beginning invasion. 


PAS technique revealed a complete absence of gly- 
cogen in the hyperactive epithelium just described 
(Fig. 4). 

CasE 2. M.P., a 45 year old colored female, 
sextigravida, quintipara, one abortion, admitted 
with the chief complaint of a mass in the abdomen. 
She had had profuse bleeding with her menstrual 
periods for the past 7 months. Physical examination 
revealed a firm nodular mass filling the lower abdo- 
men and extending up to 2 fingerbreadths above the 
umbilicus. On pelvic examination this mass was 
thought to be continuous with the uterus. The cervix 


was said to be clean. All laboratory work was es- 
sentially negative. 

Biopsy of this cervix showed only a small portion 
of epithelium appearing normal. The remaining 
epithelium showed a complete loss of normal strati- 
fication. Large hyperchromatic cells resembling the 
basal cells filled the entire thickness of the epithe- 
lium. Mitotic figures were fairly numerous and poly- 
morphonuclear leucocytes were noted between the 
epithelial cells. The transition between this hyperac- 
tive epithelium and the normal epithelium was noted 
to be rather abrupt. 
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Fig. 3. Case 1. Hematoxylin and eosin stain, The car- 
inoma in situ is seen to the right, the normal epithelium 
mn the left. Demarcation is by the short oblique line of 
schiller. 


A total hysterectomy was done and a large fibroid 
uterus removed without difficulty. The postopera- 
tive course was entirely uneventful. Microscopic ex- 
amination of the cervix after hysterectomy showed 
the epithelium to be thickened in places. There 
were short blunt downgrowths but seemingly no ex- 
tension past the basement membrane. The normal 
stratification was lost and the cells were markedly 
hyperchromatic. They varied considerably in size 
and shape, and mitotic figures were fairly numerous. 
In places the cells tended to line up in spindle cell 
formation. In one section large clumps of hyperac- 
tive epithelial cells were found deep in the fibrous 
tissue of the cervix. The picture here was identical 
with that described in the surface epithelium. In no 
place could extension beneath the basement mem- 
brane be found. PAS technique revealed a rather 
marked absence of glycogen in all the hyperactive 
epithelium. 

CasE 3. C.L., a 33 year old colored female, primi- 
gravida, primipara, was seen in the out patient de- 
partment with a complaint of low abdominal pain 
and backache which had been present for intervals 
for the past year. Physical examination was essen- 
tially negative except for a cervix that was enlarged 
two to three times and which appeared eroded. It 
was felt that the corpus of the uterus was pulled to 
the right and semifixed. There was a mass in the left 
adnexal region the size of a grapefruit. This patient 
had three cervical biopsies and was followed in the 
out patient department for a period of 3 months. 
During this time the adnexal mass gradually de- 
creased in size until it was only about 4 centimeters 
in diameter. 

The first biopsy showed a definite chronic cervici- 
tis with large numbers of lymphocytes beneath the 
stratified squamous epithelium. The stratification of 
the epithelium was well preserved but an occasional 
large nuclear form was noted. PAS technique on this 
specimen showed glycogen to be present in the epi- 
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Fig. 4. Case 1. The PAS reaction has been applied to 
the field corresponding to Figure 3. The total absence of 
glycogen in the hyperactive area to the right is demonstrat- 
ed. 


thelium but in somewhat smaller quantities than we 
usually see in normal cervical epithelium. The second 
biopsy 1o days later showed occasional areas in the 
epithelium in which the normal stratification of the 
epithelium was not present. The cells in these areas 
were relatively uniform but did tend to line up in 
spindle cell formation. Mitotic figures were rare. In 
areas where the plane of section was definitely per- 
pendicular to the surface the epithelium seemed 
about normal. PAS technique applied to this epi- 
thelium showed large amounts of glycogen in the 
definitely normal areas. Glycogen was absent in the 
abnormal areas but this was thought to be due to the 
plane of section passing through basal cells. The 
third biopsy showed the stratified squamous epi- 
thelium markedly thickened with a loss of the nor- 
mal stratification. Large nuclear forms were present 
and rather frequent mitotic figures were seen. In 
places the epithelium projected downward in short 
ball-like processes. In no place, however, could there 
be found any invasion beyond the basement mem- 
brane. This specimen was diagnosed as carcinoma in 
situ. 

The patient was admitted to the hospital and a 
total hysterectomy and right salpingo-oophorectomy 
performed. Pathological examination of the surgical 
specimen showed multiple intramural fibromyomas, 
large hemorrhagic corpus luteal cysts, a healed 
chronic follicular salpingitis and numerous old 
fibrous tags and adhesions about the right tube and 
ovary. Microscopic examination of the cervix re- 
vealed a thickened epithelium made up of hyper- 
chromatic cells that sometimes lined up in spindle 
cell formation. There was noted considerable varia- 
tion in size and shape and mitotic figures were not 
unusual. Large masses of this hyperactive epithe- 
lium were seen growing downward into the cervical 
glands. Between the cervical glands the epithelium 
projected downward in short downgrowths. There 
were also noted several large isolated islands of 
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epithelial cells deep in the fibrous tissue of the cer- 
vix. As the epithelium was followed laterally the 
evidence of invasion disappeared and the hyperac- 
tivity was found to be limited to the epithelium, that 
is, the surface epithelium. The appearances here 
were typical of carcinoma in situ. At the margin of 
the lesion there was a rather abrupt transition to 
seemingly normal epithelium. PAS technique showed 
the epithelium thought to be normal to contain 
large amounts of glycogen. At the point of transition 
to hyperactive epithelium there was noted an abrupt 
loss of glycogen. Throughout all the hyperactive 
epithelium there were occasional small patches of 
glycogen in the more superficial cells but for the 
most part there was a striking absence. One cervical 
gland showed squamous metaplasia, the squamous 
cells of which showed no glycogen. 


DISCUSSION 


Surrounding the ulcerated portion of the 
cervical carcinoma which stains with iodine 
there is a clear nonstaining zone. Schiller in- 
terprets this pale zone as identical with the 
lesion described microscopically as advancing 
margin of the carcinoma. We have shown that 
carcinoma in situ does not contain glycogen. 
In sections in which we found the normal and 
hyperactive epithelium demarcated by the 
short oblique line of Schiller, the picture is 
striking. If the entire thickness of the epithe- 
lium is not taken over by glycogen-free and 
hyperactive basal cells, glycogen is noted to 
be present in the more superficial cells. 

In a small series other lesions of the cervix 
producing hyperactivity (such as regenerating 
epithelium) may contain no glycogen or nor- 
mal amounts of glycogen in different in- 
stances. A further study is in progress. It 
seems possible that conditions that do not 
show glycogen may contain some tendency 
to neoplasia which becomes permanent and 
fixed in carcinoma. 






Six of the 8 patients whose cases were 
studied are under 4o years of age. The average 
age of 35 years agrees closely with the average 
age reported by Schiller, and TeLinde and 
Galvin, being considerably below the average 
age of carcinoma of the cervix in general. If 
carcinoma in situ is actually early carcinoma 
then the early age at which it occurs would 
seem to lead to the idea that it may exist for 
quite some tinie before invasive cancer de- 
velops, as TeLinde suggests. 

It is hoped that this study may suggest a 
new approach to an old problem, and that the 
findings may be of practical aid in the inter- 
pretation of some lesions of the cervix. A 
study of the cervical smear by the periodic 
acid Schiff’s method is proposed while re- 
generating epithelium of the cervix is being 
reviewed in continuation of this preliminary 
report. 

SUMMARY 

The clinical and pathological features of 8 
cases of carcinoma in situ are presented. Three 
of these are discussed in some detail. 

The cases have been studied histologically 
and histochemically. The periodic acid Schiff’s 
reagent technique has been applied to this 
material. In all cases glycogen is absent from 
the hyperactive epithelium. It has also been 
shown that glycogen can be demonstrated in 
formalin fixed material. The findings are 
discussed briefly. 
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SIMULTANEOUS PROSTATECTOMY AND 


INGUINAL HERNIORRHAPHY 


DONALD F. McDONALD, M.D., and CHARLES HUGGINS, M.D., Chicago, Illinois 


S a complication of other surgical pro- 
cedures in older males postoperative 
retention of urine due to benign pros- 
tatic hypertrophy is frequently en- 

‘ountered. This is particularly common fol- 
lowing operations for the cure of inguinal 
hernia. It is the purpose of this article to call 
attention to the fact that simultaneous her- 
niorrhaphy and prostatectomy are well toler- 
ated and constitute a practical procedure. Not 
only does the combined operation obviate an 
unexpected retention which frequently de- 
velops after herniorrhaphy; it also decreases 
the number of periods of anesthesia required 
to effect the desired result and usually results 
in a shorter hospital stay with a more rapid 
convalescence than when, following inguinal 
herniorrhaphy, postoperative urinary reten- 
tion and infection develop and prostatectomy 
must be done. In too consecutive cases of 
prostatic hypertrophy the incidence of an 
associated inguinal hernia was 15 per cent. 


METHODS 


An analysis was made of too consecutive 
cases of prostatectomy performed on the 
urology service at the Albert Merritt Billings 
Hospital during a 12 month period. Cases 
were grouped according to the technique of 
prostatectomy used, suprapubic by Freyer’s 
method using the hemostatic bag of Foley, 
retropubic by Millen’s technique, perineal by 
Belt, Ebert, and Surber’s method, and trans- 
urethral according to Nesbit. One injection 
of procaine spinal anesthesia was used in all 
but 3 cases in which ethylene and ether were 
employed. Further grouping was made ac- 
cording to operations performed at the same 
time as prostatectomy, and finally as to the 
presence of hernia and time of hernia repair 
with respect to prostatectomy. Herniorrhaphy 
was performed according to the techniques of 
Bassini and Halsted. Hernia repairs were al- 
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ways done first, and separate incisions were 
always made. Sealing-off of the herniorrhaphy 
incision with waterproof adhesive dressings 
was considered desirable to prevent possible 
contamination from infected urine. 


RESULTS 


Of the 100 prostatectomies 59 were done 
suprapubically, 54 one stage and 5 two stage. 
There were 35 transurethral prostatic resec- 
tions, 3 retropubic, and 3 total perineal 
prostatectomies. 

In the course of 26 of these prostatectomies 
31 other surgical procedures were performed 
simultaneously, exclusive of bilateral vasotomy 
which is done routinely to prevent retrograde 
pyogenic epididymitis. A tabulation of the 28 
cases of multiple simultaneous operations 
shows: 5 inguinal herniorrhaphies, 9 orchiec- 
tomies for carcinoma of prostate, 1 for tumor 
of testis, 5 excisions or fulgurations of car- 
cinoma of bladder, 5 removals of vesical 
calculus, 2 hydrocelectomies, 1 hemorrhoid- 
ectomy. The maximum number of additional 
operations at one time was two. 

The total period of hospitalization for all 
patients who had the one stage suprapubic 
prostatectomies averaged 18.8 days; for two 
stage suprapubic prostatectomies 28.4 days. 
The average period of hospitalization for pa- 
tients who had simple one stage suprapubic 
prostatectomy was 17.2 days. In cases of one 
stage prostatectomy with additional simul- 
taneous surgical procedures it was found that 
the average hospital stay was 18.0 days. The 
period of hospitalization in cases of trans- 
urethral prostatic resection averaged 8.9 days, 
and for radical total perineal prostatectomy 
it was 21 days. There were 17 cases of car- 
cinoma of the prostate gland included in this 
series. 

Five of the roo patients had a simultaneous 
Halsted type herniorrhaphy and suprapubic 
prostatectomy. Four of these patients had 
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uneventful postoperative courses and were 
discharged from the hospital in 13, 15, 18, and 
19 days. The fifth patient developed a myo- 
cardial infarction postoperatively and stayed 
54 days. Four patients with acute retention 
of urine following herniorrhaphy which had 
been done by other surgeons were referred for 
prostatectomy and are included in this series 
of too cases. Three of these 4 developed 
urinary retention on the day of operation, 
and the fourth had acute retention on the 
eighth postoperative day. All 4 failed to re- 
spond to conservative measures and all re- 
quired prostatectomy. These patients all 
underwent distressing periods of urinary tract 
infection and trials without catheter before it 
was agreed that prostatectomy should be done. 
In 1 case intolerance to the indwelling urethral 
catheter made a two stage prostatectomy 
necessary. In another the patient’s poor gen- 
eral condition prompted delay of prostatec- 
tomy for 10 months during which time residual 
urine and infection persisted with distressing 
symptoms. The total hospital stay for these 
4 patients was 16, 25, 27, and 30 days. Six of 
the 100 patients had asymptomatic inguinal 
hernias, and herniorrhaphy was not per- 
formed simultaneously with prostatectomy. 


DISCUSSION 


Simultaneous herniorrhaphy and _ prosta- 
tectomy are a well tolerated procedure and 
save the patient with borderline prostatic ob- 
struction from distressing postoperative re- 
tention of urine which may follow inguinal 
herniorrhaphy. The patient with obstruction 
to the free outflow of urine may strain to void 
with such force that he tends to produce in- 
guinal hernias. Thus many of the hernias seen 
in men of prostatic hypertrophy age may be 
regarded as secondary to the straining re- 


quired to pass urine. Then what is more log- 
ical than correction of the primary condition, 
prostatic hypertrophy, and its secondary ef- 
fects, vesical calculi, vesical diverticula, or 
inguinal hernias, simultaneously when the 
condition of the patient is good? 

The herniorrhaphy incisions all healed satis- 
factorily and it was not difficult to keep the 
incisions clean and dry by use of waterproof 
adhesive dressings. Postoperative ambulation 
was not delayed by the multiple procedures. 
Patients were allowed up in a chair the first 
day after the combined procedure. It is to be 
noted that there were no deaths and only 1 
serious complication in this series of 100 cases. 


SUMMARY 


The incidence of inguinal hernia in patients 
with prostatic hypertrophy was 15 per cent. 
In a series of 100 prostatectomies, simultane- 
ous one stage suprapubic prostatectomy with 
inguinal herniorrhaphy through separate in- 
cisions was performed in 5 cases. Also there 
were 4 additional cases in which herniorrhaphy 
was followed by urinary retention necessitat- 
ing subsequent prostatectomy. In most cases 
the simultaneous operations were followed by 
a smooth, rapid, and comfortable convales- 
cence. The advantages of simultaneous her- 
niorrhaphy and prostatectomy should be more 
widely appreciated. 
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REMOVAL OF THE AURICULAR APPENDAGE IN 


WALTER J. BURDETTE, Ph.D., 


HE purpose in studying the auricle 

has been twofold. It stands as a por- 

tal to the interior of the heart, and, 

therefore, it is of interest to know 
the effect of surgery on this portion of that 
organ. In addition the auricle as well as the 
ventricle is involved in cardiac disease, and 
it is possible that operating on the auricle may 
be effective therapeutically in certain cases of 
chronic auricular fibrillation. It is important 
not only to know the effect of opening the 
auricle and removing a portion of it but also 
to determine how the excision may best be 
done. In this investigation the problem has 
been worked out in the laboratory, on dogs. 
The information so obtained should prove use- 
ful when entrance through the auricle is a 
portion of another operation and when the 
operation is used alone as well. 

The auricle has been ‘used as a route to the 
chambers of the heart (1, 6, 9) because the 
muscle is thin, because there is little danger 
of injury to the coronary vessels, and because 
displacement of the heart from its normal 
position is less likely. Allen and Graham 
(1, 2) have studied this problem in connection 
with their work on surgery of the cardiac 
valves and found that entrance through the 
auricular appendage was not detrimental, 
whereas mortality in dogs was higher when 
the approach was through the ventricle. 
However, it was not their primary purpose 
to devise an operation for removal of a por- 
tion of the auricle alone and to determine the 
effect of such a procedure. 

Embolic phenomena are not unusual in 
auricular fibrillation. The reservoir for these 
emboli is the auricle, since the factors favor- 
ing clotting are operative in the auricle which 
is not contracting effectively. Although quin- 
idine and digitalis are effective in many pa- 
tients, it is possible that there is a group of 
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refractory cases with chronic fibrillation which 
might derive benefit from removal of the 
auricular appendages and adjacent auricle. 
After removal of the thrombi the sac in which 
they originate could be extirpated. It is also 
possible that the fibrillation itself may be 
altered by such a procedure (v.i.). This oc- 
curred to the author during the course of 
some preliminary experiments on intracar- 
diac surgery at Yale University in 1943. It 
was not possible to start the experiment until 
July, 1946, however. Since that time a suit- 
able surgical technique has been worked out 
for removal of the more redundant portion of 
the auricle which at the same time reveals the 
effect of using this part of the heart simply as 
a route to the interior. 


METHODS 


Adult, mongrel dogs were used. Each ani- 
mal was examined and the heart sounds were 
noted, after which an x-ray picture and elec- 
trocardiogram were taken. This was repeated 
at intervals after each operation. In addition to 
leads I, II, ITI, and CF,;, the V leads were taken 
in a special manner with the electrode at the 
level of the auricle. Intravenous sodium nem- 
butal was used to anesthetize the dogs; and 
an intratracheal catheter was passed and con- 
nected to a source of positive pressure which 
made it possible to deliver air enriched with 
oxygen while the chest was open. The thorax 
was entered through the third or fourth inter- 
costal space, and the ribs were separated with 
a self-retaining retractor (Fig. 1). The lungs 
were packed away from the field with moist 
gauze and the pericardium was opened. 
After the tip of the auricular appendage was 
grasped with a small hemostat, the walls of 
the base of the appendage including a portion 
of the auricle itself were sutured together with 
interrupted mattress sutures. resulting in a 
linear closure. Adjacent sutures were then 
tied to each other, and a small incision was 
made in the appendage distal to the suture 
line. On the rare occasion when this showed 


623 














624 





that the sutures were not effective, a hemostat 
proximal to this point stopped the bleeding 
and the suture line was re-enforced. This was 
rarely necessary. The proximal hemostat was 
removed, and, after bleeding had ceased, the 
appendage was excised. The pericardium and 
chest wall were closed and air was withdrawn 
from the thoracic cavity with a needle and 
syringe fitted with a three-way stopcock at 
the end of the operation. Respiration resumed 
spontaneously after the respirator was dis- 
connected. In the postoperative period it was 
not found necessary to administer chemo- 
therapeutic or antibiotic agents. 

After recovery from the first operation, the 
appendage was removed from the opposite 
side. In 4 animals both sides were operated 
on in one stage; the usual incisions were used 
on either side of the chest. The animals were 
killed and autopsy was performed at inter- 
vals up to 2 years. Sections were taken 
through the stump of the auricular appendage 
for microscopic study, and the animals were 
carefully examined for signs of emboli. 


RESULTS 


The auricular appendage was removed on 
both sides in 16 dogs in 2 stages at least 2 
weeks apart. All survived removal of one 
appendage and 15 survived removal of both. 
One animal died immediately after operation 
on the second side, probably due to an over- 
dose of nembutal. Operation was performed 
on the left side first in 8 dogs and on the right 
side first in a similar number. 

The appendages were removed at one stage 
in each of 4 dogs. Of these, 3 died in the im- 
mediate postoperative period, and the fourth 
survived. Autopsy of the 3 dogs which died 
revealed atelectasis and, in 1 dog, pneumonia 
of the left lower lobe. In the fourth animal, 
which survived, more care was taken in re- 
moving the air from the pleural cavity at the 
close of the procedure than in the first 3, 
which died. Knowing the conditions at the 
operating table and the results of autopsy, it 
is thought that perhaps diminished aeration 
in the postoperative period rather than the 
operation on the heart itself may account for 
the deaths of these animals. Until further 
work is done, performing the bilateral proce- 
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dure in one stage should be viewed with some 
reservation, however. 

In setting up the equipment for intratra- 
cheal positive pressure combined with intra- 
venous nembutal, it was found that the ad- 
dition of oxygen was necessary for best results. 
Also, some difficulty was experienced in cal- 
culating the proper dose of nembutal to be 
administered. Occasionally it was necessary 
to supplement. the initial intravenous dose 
during the operation, but as the procedure 
became standardized and less time was re- 
quired for its execution, the original amount 
given was usually sufficient. The operation 
required from 4o minutes for each of the stages 
in the two stage procedure to a maximum of 
2 hours and 45 minutes when both append- 
ages were removed at one operation. 

The incision was at first made in the fourth 
anterior interspace. In some of the dogs this 
was slightly too low. The third interspace 
was used in the last half of the animals oper- 
ated on, and this seemed to be too high only 
once. The anterior approach gave very good 
exposure. In the last group of 10 animals the 
length of the incision was about three-fourths 
as long as that originally used and was quite 
adequate. It was found most advantageous 
to enter the pericardium posterior to the 
phrenic nerve on the left and anterior to the 
nerve on the right because of the rotation of 
the heart. A removable, stay suture was used 
to encircle the phrenic nerve and retract it 
out of the way. 

The type of closure of the auricular stump 
which first came to mind was a pursestring 
suture, but it did not prove useful because it 
required an encircling ligature to make a tight 
closure and the adjacent auricular wall be- 
came puckered, inviting stasis and throm- 
bosis. Also utilization of a single suture was 
not as safe as a number of sutures. The pro- 
cedure which was adopted proved to be quite 
safe, and, even though the suture line was 
not competent at first, this could be checked 
before the appendage was removed. Non- 
absorbable sutures were used throughout. The 
auricular appendage was sutured with No. 
coco Deknatel braided silk. Sutures of No. 
ooo0oo silk were tried, but the heavier grade 
was found more satisfactory for this purpose. 
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Fig. 1. After the chest is entered through the third intercostal space, interrupted 





mattress sutures of silk are placed through the base of the appendage and adjacent 
auricle. These are then tied as illustrated. A small opening is made in the appendage to 
test the suture line, after which the appendage is removed. The drawing shows the 


operation on the right side. 


Less bleeding, of course, was encountered when 
atraumatic needles were used. The pericar- 
dium was approximated with interrupted su- 
tures. Whether or not the pericardium was 
completely closed did not influence the results. 

When the tip of the auricular appendage 
was first grasped with a hemostat, arrhythmia 
resulted, but lasted only a few seconds as a 
rule. This occurred also while the base of the 
appendage was being sutured but was less 
frequent at that time. After the operation 
was completed, no arrhythmia which was 
not present preoperatively was noted. This 
change in rhythm was not enough of a prob- 
lem to warrant the use of procaine. Careful 
auscultation on numerous occasions failed to 
reveal the presence of any murmurs. 

Since all the deaths which could be attrib- 
uted to the operation occurred in the imme- 
diate postoperative period, it seems that when 
once the decreased volume of the auricle is 
established, there are no detectable ill effects. 
Records show that all of the dogs gained 


weight, which was not due to edema as proved 
at autopsy. One of the animals delivered a 
litter uneventfully after the two stage opera- 
tion. It was assumed that the animal would 
probably survive its normal span after com- 
pleting the first year without incident; and 
1 dog was kept for 2 years at the end of which 
time no untoward effect from the operations 
was found. When the operation was done in 
two stages, all of the animals survived the 
first stage and it is reasonable to suppose that 
incision or removal of the right or left auricu- 
lar appendage would carry little or no mor- 
tality except that connected with extracar- 
diac complications. 

Autopsy showed that the parietal pleura 
invariably became adherent to the visceral 
pleura at the point of entrance into the tho- 
racic cavity. The pericardium was adherent 
to the lung at the suture line. Fibrinous ad- 
hesions between the pericardium and auricu- 
lar stump also occurred in the animals, but 
adhesions to the base of the ventricle were 














Fig. 2. Endothelial surface of both auricles following re- 
moval of both appendages illustrating satisfactory healing. 


seen in only 2 animals. In all cases the auricu- 
lar stump was well healed, and the luminal 
surface was smooth, glistening, and covered 
with endothelium (Figs. 2 and 3). No ante- 
mortem thrombi were found within the heart. 
Microscopic sections showed the presence of 
a well healed scar with no sign of inflamma- 
tion near the endocardium (Fig. 4). There 
was some reaction around the silk which re- 
mained and consisted of an infiltration of 
small and large round cells. An interesting 
finding was the presence of considerable car- 
tilage in two of the scars from different ani- 
mals and bone in a similar number. 

There were no signs of cardiac failure. The 
average weight of 10 of the hearts was 101.4 
grams. The average, maximum thickness of 
the wall of the right ventricle was 7.4 millime- 
ters and that of the left was 13.1 millimeters. 
The corresponding average, minimum thick- 
nesses were 2.7 millimeters and 5.9 millime- 
ters, respectively. This fact indicates that 
there was no hypertrophy, and examination 
of the organ showed no dilatation. The liver 
appeared to be normal, and there was no ac- 
cumulation of fluid within the tissues or body 
cavities at the time of autopsy. Examination 
of the abdominal and thoracic viscera as well 
as section of the brain failed to reveal any 
evidence of infarction due to emboli. Autop- 
sies were done on 3 dogs which died in the im- 


Fig. 3. External suture line on the same heart as is 
shown in Figure 2. 


mediate postoperative period; the remaining 
autopsies were performed from 3 months to 
2 years following operation. 

The average weight of all right append- 
ages removed was 756 milligrams and of all 
left appendages was 704 milligrams. The re- 
spective averages for the last 10 operations 
were 830 milligrams and 677 milligrams for 
right and left appendages. This represents 
1.49 per cent of the average weight of the 
heart. In the early operations a greater 
amount of left appendage was removed, but 
later it was possible to remove more of the 
right auricular appendage including a portion 
of the auricular wall. 

Roentgen studies before and after opera- 
tion showed no change in contour of the heart 
in posteroanterior views. However, more de- 
tailed studies were not done and may pos- 
sibly have shown the defect after operation. 
Certain electrocardiographic changes were 
noted. There was diminution of the P wave 
in limb lead I and also in the special Vs, Vs, 
and V; recordings. The negative deflection 
in leads Vi and V2 was decreased after re- 
moval of either or both auricular appendages. 
Care was taken to have the dog in the same 
position each time. A special study of the 
contribution of the auricular appendage to 
the electrocardiogram is being made and will 
be reported subsequently. 
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After this work was completed (5) the 
studies of two other groups came to our at- 
tention. Madden, at the suggestion of Dock, 
removed the left auricular appendage in 2 
patients, one of whom died. Hellerstein and 
associates amputated the appendage in the 
dog, using a clamp and a ligature in all ex- 
cept 2 dogs. They reported no constant elec- 
trocardiographic changes except a transient 
‘ntra-atrial block. 


DISCUSSION 


The results which have been obtained in 
this group of animals indicate that opening 
yr even excising the auricular appendage on 
me side results in no demonstrable deleteri- 
nus effect. It is well known that wounds of 
the ventricle may result in serious or even 
fatal consequences due to injury of the blood 
supply to the ventricular muscle. In addi- 
tion, the closure of the ventricle presents a 
greater problem than closure of the auricular 
wall. However, Cutler and coworkers (7), on 
theoretical grounds, chose the ventricle as the 
site for introduction of the cardiovalvulotome 
in correcting mitral stenosis. They felt that 
because of increased pressure and dilatation 
of the auricle in mitral stenosis there would 
be danger of dislodging thrombi and tearing 
the distended wall. In a later paper (6) they 
say that further attempts through the auricle 
are justified and report that this approach 
was used in 3 of their cases because exposure 
was easier and less difficulty was encountered 
in guiding the tip of the instrument through 
the mitral orifice. 

The results obtained in this experiment and 
those of Allen and Graham (1, 2) indicate 
that in approaching the interior of the heart 
for the purpose of correcting congenital anom- 
alies or the effects of disease, the auricle is a 
route of choice. Harken and coworkers have 
also found it a better approach to the mitral 
valve than is the ventricle. At the present 
time such an approach has been attempted 
sporadically and without brilliant success be- 
cause time is a limiting factor, visibility is 
poor or nonexistent, and special instruments 
are necessary. Certainly extracardiac recon- 
struction (3, 4, 14, 15) is safer and offers more 
at present than surgery within the heart it- 
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Fig. 4. Section through the stump of the auricular ap- 


pendage showing endothelium covering the scar. X115. 
self. However, this does not mean that the 
problems of intracardiac surgery are insur- 
mountable, and it may become useful when 
more is known about the possibilities of cir- 
cumventing the present difficulties with such 
surgery (8). 

Auricular fibrillation is still a problem for 
the cardiologist, and perhaps the operation 
just described may have some application to 
the treatment of this disease. The treatment 
of fibrillation with quinidine is not altogether 
successful, and at times even if there is con- 
version to normal rhythm, emboli are dis- 
lodged. Anticoagulant therapy cannot be 
continued indefinitely, and of course thrombi 
already formed are not affected by such treat- 
ment. With no desire to alter or detract from 
treatment which is effective, it is reasonable 
to suppose that the operation described could 
help patients who do not respond to medical 
therapy. This work on the dog would indicate 
that it is possible first to remove thrombi and 
then to eliminate the reservoir in which the 
clots are formed by removing the portion of 
the auricle harboring them. 

The operation proposed in the human would 
be to open the tip of the appendage and re- 
move any clot present and then to use a 
hemostat both for closing the opening and 
for traction. After the row of sutures at the 
base of the auricular appendage is completed, 
as described for the dog, a small opening be- 
tween hemostat and sutures or simply the re- 
lease of the hemostat would indicate whether 
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a competent suture line were present. If 
bleeding occurred, the distal portion could be 
clamped again and the closure completed. 
The appendage would be removed only after 
the operator was certain the lumen of the 
auricle had been completely closed. It might 
be necessary to modify the method in the 
presence of mitral stenosis with a distended 
and thin left auricle, but by no means is this 
situation encountered in all cases of mitral 
stenosis (9). 

Fibrillation is a continuous circus move- 
ment usually with a main pathway around 
the origin of the great veins. A wave of con- 
traction progresses along this pathway, lim- 
ited in its direction by the refractory period 
of the muscle, and perpetuated by an excit- 
able strip ahead. Conditions which alter the 
situation and favor stopping the circus move- 
ment are a shorter pathway, more rapid con- 
duction, and a longer refractory period (11, 
12). Quinidine and digitalis are effective be- 
cause they affect the refractory period and 
the conduction time. Removing a part of the 
auricular muscle conceivably could stop the 
fibrillation as well as remove the source of 
emboli by producing a shorter pathway. 
Theoretically, alternate longer circuits could 
be eliminated and even if the operation did 
not produce the desired results alone, com- 
bined with quinidine it could add enough to 
the total situation for a favorable result. Un- 
fortunately, it has not been possible to test 
this hypothesis in dogs. There is otherwise 
sufficient justification for the procedure in 
man, however, and the question as to whether 
the fibrillation itself will be altered can be 
determined in that manner. 

The portion of the auricle removed at such 
an operation could serve a very useful pur- 
pose. Cardiac muscle has been studied ex- 
tensively in other forms, but for very obvious 
reasons there is no source for studies of me- 
tabolism, etc. in man. Any muscle removed 
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should be utilized for that purpose and might 
help clarify some of the fundamental problems 
in human cardiac physiology and its alteration 
in disease. 


CONCLUSIONS 


1. A method for safely removing the au- 
ricular appendage in the dog has been de- 
vised. 

2. All of 16 dogs survived the first of two 
stages and 1 dog died within 12 hours after 
the second stage of the bilateral auricular ex- 
cision. This death was probably due to an 
overdose of nembutal. 

3. Only 1 dog of 4 survived when the 
auricular appendages were removed in one 
stage. These deaths followed pulmonary com- 
plications in the immediate postoperative 
period. 

4. Electrocardiographic changes occur after 
operation. 

5. This operation has certain therapeutic 
possibilities in man. 
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SOME ASPECTS OF THE DEVELOPMENT OF 
INTRATHORACIC SURGERY 


CLARENCE CRAFOORD, M.D., Stockholm, Sweden 


N this, the third Martin Memorial Lec- 
ture, it is my purpose to present some of 
the main problems encountered in the 
surgical service of the Sabbatsberg Hos- 

ital in Stockholm in the development of 
horacic surgery. One problem, always of 
special interest to me, has been ‘that cardio- 
espiratory dysfunction is encountered im- 
nediately upon the opening of the chest. 


FACTORS INFLUENCING THE DEVELOPMENT 
OF THORACIC SURGERY 


Why has the development of major intra- 
thoracic surgery been delayed several decades 
while that of general surgery has progressed? 
The most important causes of this delay I be- 
lieve are lack (1) of adequately trained spe- 
cialists; (2) of adequate teamwork ; (3) of means 
of securing adequate anesthesia; (4) of knowl- 
edge concerning chemotherapy; and (5) of 
knowledge concerning cardiorespiratory dis- 
turbances produced by thoracotomy. 

1. Thoracic surgery presents so many diffi- 
culties that I think we all agree it is necessary 
to entrust this branch of surgery to specially 
trained men. It is obvious that since this prac- 
tice has become more and more the custom, 
the rapidity with which improvements in tech- 
nique have developed has increased consider- 
ably. 

2. In the early decades of this century, the 
importance of teamwork was little appreci- 
ated. The rapid advancements in medical 
science have made it evident that close co- 
operation between highly trained specialists in 
the different branches of medical practice is 
today even more necessary to secure further 
advancement. This is especially true regarding 
thoracic surgery. 


From the Department of Thoracic Surgery, Karolinska Insti- 
tute. 
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3. A third factor in the delay in the develop- 
ment of thoracic surgery has been, without 
doubt, insufficient means of securing anes- 
thesia. Not only has thoracic surgery but so 
also has every field in advanced surgical prac- 
tice benefited enormously from the rapid 
strides made in anesthesiology, emanating 
from the Anglo-American countries and es- 
pecially from the United States. 

4. The fourth factor, the introduction of 
chemotherapy, has also in my opinion accel- 
erated development and has been of significant 
value in thoracic surgery. In certain infections 
in which previously prognosis was very bad, pa- 
tients can now be treated radically without 
undue risk. 

5. There can be no argument regarding the 
fact that great importance in the delay in the 
development of thoracic surgery must be as- 
cribed to insufficient knowledge of how to 
correct cardiorespiratory disturbances oc- 
curring immediately the thorax is widely 
opened. 

Like many other specialties, thoracic sur- 
gery has branched off from the original family 
tree, general surgery, to become an independ- 
ent specialty. Well trained general surgeons 
with a keen interest in exploring new fields 
were the first to attack thoracic surgical prob- 
lems. While such workers achieved isolated 
brilliant results which demonstrated the po- 
tentialities in this branch of surgery, they were 
not able to repeat successfully in sequence the 
desired results because they did not fully ap- 
preciate the factors which are here outlined. 
Achievements by men such as Matas, Willy 
Meyer, Lilienthal, Torek, Graham, Meltzer, 
Auer and Elsberg, on this continent and by 
such men as Tiegel, Friedrich, Sauerbruch. 
Trendelenburg, Tuffier, Rehn, Giertz, Del- 
orme, and Garré in Europe have later stimu- 
lated general surgeons interested in chest sur- 
gery to continue their efforts. During this peri- 
od, the importance of different factors afore- 





630 


mentioned have gradually become increasingly 
recognized. 


SPECIAL TRAINING IS NECESSARY 


A number of general surgeons soon realized 
that to achieve success in this branch of sur- 
gery they must devote themselves entirely to 
chest work. Special chest services have grad- 
ually been established and increasing numbers 
of younger men have devoted themselves to 
this specialty in an effort to obtain adequate 
training. Centers for the treatment of thoracic 
diseases have been established in many places 
in this country and in Europe. In Sweden we 
shall, in the near future, erect in connection 
with the University of Stockholm a separate 
hospital building exclusively for the treatment 
of chest diseases. It would thus seem that the 
lack of adequately trained surgeons specializ- 
ing in thoracic diseases will be overcome in the 
very near future. 

In this connection a new problem arises. 
How is the training of the younger men to be 
most satisfactorily arranged? I am definitely 
of the opinion that every chest surgeon must 
have as thorough training in general surgery 
as any man who wants to become a general 
surgeon; the training in thoracic work must be 
superimposed or added to his general surgical 
education. An additional short period of lab- 
oratory work should also be required. Some 
training in anesthesiology, in the use of the 
x-ray, in bronchoscopy, and in internal medi- 
cine is essential. With knowledge founded on 
such an education, I believe that the thoracic 
surgeon would be qualified to take up inde- 
pendent work in his special field. 

It has been my observation that there is a 
tendency among the younger generation of 
surgeons who intend to specialize to commence 
practice without a broad foundation on which 
to stand. This tendency, I believe must be 
strongly opposed if a sound basis for successful 
practice is to be attained. 


TEAMWORK 


The second factor delaying progress in the 
development of thoracic surgery has been the 
previous lack of teamwork. In the medical 
profession, co-operation, or teamwork, had 
been rather unpopular until shortly before 
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World War II. For the most part our scien- 
tists have been “lone wolves” in their scien- 
tific work. The recent rapid development in 
the various branches of medicine has brought 
about a demand for collaboration, since it is 
often impossible for one single man to master 
even his own special field. In this respect also, 
the United States has taken the initiative and 
has shown the world that close co-operation 
between skilled scientists in different fields is 
often necessary to obtain desired results within 
a reasonable length of time. For the solution 
of many problems in thoracic surgery we need 
the help of representatives well trained in the 
basic sciences as well as the help of members of 
the different branches within the medical 
field; for example, in the treatment of con- 
genital heart malformations, the close co- 
operation between the surgeon, the x-ray 
specialists, the cardiologist, and the pediatri- 
cian has been invaluable in the development of 
this highly specialized form of therapy. To 
obtain accurate and practical equipment both 
for the diagnosis and for the actual surgical 
work the advice and help of theoretical insti- 
tutions and of a skilled engineering depart- 
ment have been indispensable, to me at any 
rate. 

In developing a team it must be borne in 
mind that many scientists are inherent indi- 
vidualists with strong will power. These qual- 
ities might be more pronounced in one member 
of the team than in others and he with the 
strong will power will probably be the organ- 
izer and leader of the team. It must therefore 
be emphasized that in every team each mem- 
ber has his part to play and that the contribu- 
tion of each is necessary to accomplish the re- 
sult; credit for the solution of a problem is due 
the team as such, not to any individual of the 
team. Should one member of the team take 
undue credit to himself, bad feelings can easily 
be aroused within the team, thus reducing its 
working capacity with loss in subsequent out- 
ae ANESTHESIOLOGY 

Considerable progress has been made in an- 
esthesiology during the period in which thor- 
acic surgery has been maturing into an in- 
dependent specialty. Improved equipment 
and methods of inducing anesthesia as well 
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as new drugs have been of great benefit in 
thoracic surgery; it is my opinion, however, 
not so much the better equipment and the 
anesthetic agents but the method of their ad- 
ministration that has been helpful in securing 
better results in this branch of surgery. An- 
other and most important factor is that quali- 
fied doctors are trained to be skillful special- 
ized anesthetists who give their personal at- 
iention to every detail in often very long 
(rawn out anesthesias necessary for difficult 
chest operations. One fundamental factor, 
,owever, remains amazing to me, namely, 
hat the problem of how to correct continu- 
susly and effectively the disturbances in res- 
»iration in an open chest operation is not yet 
-onsciously and fully appreciated by the vast 
majority of our anesthetists and thoracic sur- 
‘eons. This question will be discussed in some 
detail later. 


CHEMOTHERAPY 


The importance of chemotherapy, i.e., the 
use of the sulfa drugs, penicillin and streptomy- 
cin, separately or in combination, has been 
much discussed. Some authors believe that 
the value of these drugs in chest surgery has 
been overestimated. From my own experi- 
ence I am of the opinion that the vast majori- 
ty of infectious complications connected with 
thoracic disease are favorably affected by 
chemotherapy regardless of whether the comp- 
lication preceded or followed operation. Chem- 
otherapy has accelerated the development of 
the surgical treatment of infected chest dis- 
ease and patients who previously could not be 
treated can now be given the benefit of sur- 
gery. Another fact worth mentioning is that 
chemotherapy has reduced to a minimum one 
of the most discussed technical problems in 
lung surgery, namely, the treatment of the 
bronchial stump after lung resection. Before 
the era of chemotherapy, in order to secure 
the lowest possible percentage of complica- 
tions without fistulas in the healing of the 
bronchial stump, I found that a lengthy, 
somewhat difficult and meticulous technique, 
described by me in 1939, was necessary. Now, 
with chemotherapy, even though compara- 
tively crude methods of closure of the bron- 
chus appear to give satisfactory results I still 
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Fig. 1. Alterations in respiration in open chest during 
inspiration, a, and expiration, b, 


prefer my old meticulous technique which I 
consider to be the safest. 


CARDIORESPIRATORY DISTURBANCES 


Finally I come to what I regard as the most 
important factor in the delay in the develop- 
ment of thoracic surgery, the lack of adequate 
knowledge concerning cardiorespiratory dis- 
turbances produced when the chest is opened. 

In 1939 I had the privilege of presenting 
here in Los Angeles to the American Associa- 
tion of Thoracic Surgery my views of respira- 
tory disturbances in the open chest and how to 
overcome them. During the last decade the 
principles outlined at that time have been con- 
sistently followed in my clinic and we have 
never had occasion to change them. On the 
contrary accumulated experience has further 
convinced me of the superiority of our method 
over that of others. I shall briefly review 
the basic physiological changes in respiration 
when the chest is opened. 

The diagrams in Figure 1 show the well 
known alterations which occur. In a, is shown 
the gas flowing from the outside through the 
trachea into the unopened thorax during the 
inspiratory phase of respiration. During this 
phase as the thorax expands the negative pres- 
sure on this side is increased which accounts for 
the flow in this direction. In addition, and be- 
cause of the same negative pressure, one also 
finds gas from the opposite lung flowing into 
the lung on the unopened thorax, the medias- 
tinum is pulled to this side and thus the vol- 
ume of gas (tidal flow) flowing into this lung 
is reduced. 

During expiration (Fig. 1 b) the dynamicsare 
reversed. The intrapleural pressure in the un- 





SURGERY, GYNECOLOGY AND OBSTETRICS 


lig. 2. Apparatus to oxygenize the blood. 1, Tube con- 
veying venous blood; 2, flowmeter; 3, the oxygenator; 4, tube 
in front of a photoelectric cell, regulating the speed of the 
pumps and thereby also the level of the blood; 5, pulsator; 
6, tubes to the pumps; 7, the pumps; 8, contact ther- 
mometer; 9, manometer for blood pressure reading; 10, tube 
to the artery. 


opened thorax becomes less negative or even 
positive as the muscles of expiration contract. 
The gas leaving the lung on the unopened side 
goes in two ways as it reaches the bifurcation 
of the trachea, most of it into the trachea, a 
a smaller part into the opposite lung (pendu- 
lum air). The result of this is that since the 
patient is breathing essentially with only one 
lung, the abnormal (“paradoxical”) flow of 
gas and the abnormal (‘‘paradoxical’’) move- 
ment of the mediastinum reduces tremen- 
dously the respiratory efficiency of that one 
lung. It follows, therefore, that the softer and 
more pliable the mediastinum the greater is 
this reduction. 

In this connection it is interesting to note 
that prior to the endeavor to correct these dis- 
turbances of respiration in the open chest, only 
relatively few cases of successful intrathoracic 
operations were reported. It is true, however 
that, during the same period abdominal sur- 
gery had been rapidly progressing and large 
series of successful operations had been re- 


Fig. 3. Many small discs which rotate within cylinder in 
which blood is collected for oxygenation. 


ported. By contrast, the fact remains, how- 
ever, that surgical procedures below the dia- 
phragm produce few significant cardiorespira- 
tory changes. 

Ferdinand Sauerbruch, one of the pioneers 
in thoracic surgery, was one of the first in 
Europe to understand the importance of cor- 
recting respiratory disturbances in the open 
chest. He was the first to develop a method 
for performing thoracic operations under con- 
tinuous negative pressure and later on a me- 
thod for the use of continuous positive pres- 
sure. My compatriot and former chief and 
teacher, Dr. K.H. Giertz showed in 1914 to 1916 
in thorough experiments on large dogs that 
from the physiological point of view, there is 
no significant difference in cardiorespiratory 
efficiency between either the negative or posi- 
tive pressure methods. At the same time he 
very clearly and conclusively demonstrated 
that rhythmic insufflation during the inspira- 
tory phase of respiration and free outflow of 
the gas from the lungs against normal atmos- 
pheric pressure during the expiratory phase is 
superior to all other methods used to correct 
the respiratory disturbances in the open chest. 
This fact was already touched on by Matas in 
1gOl. 

The rapid development of thoracic surgery 
during the 1930’s is above all due to the more 
and more extensive use of this type of respira- 
tion. This progress was attained regardless o! 
whether the control of respiration was brought 
about mechanically, by the use of specially 
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Fig. 4. Diagram showing method of oxygenation. 


constructed machines such as the spiropulsa- 
tor that we always use, or by hand by the 
anesthetist rhythmically compressing the an- 
esthetic bag. Visits to a great number of chest 
centers at different times during the 1930’s 
and 1940’s establishes the fact that now the 
use of controlled respiration is becoming in- 
creasingly widespread. Nevertheless I consider 
the use of a machine for this purpose to be 
much safer and more reliable than any other 
method. It is possible with such a device to 
create rhythmical artificial respiration for an 
unlimited length of time at a rate and with a 
gaseous exchange that closely simulates nor- 
mal physiological breathing. I am convinced 
that with the increasing use of curare in intra- 
thoracic anesthesia a machine like the spiro- 
pulsator will become more necessary. Iam glad 
to see that more thoracic clinics are adopting 
our method, with satisfactory results. 

If one endeavors to correct the altered res- 
piratory conditions in thoracotomy cases by 
using an ordinary positive pressure machine 
with constant flow, the mediastinum will be 
stabilized within certain limits by the positive 
pressure alone, but the flow of the so called 
pendulum gas between the lungs will continue. 
My impression is that the amount of the pen- 
dulum gas is certainly greater than is gener- 
ally believed; in the case of thin walled big 
cavities I have been astonished to see how 
large the gas volume really is. 

Ordinary positive pressure works to very 
great disadvantage in that it increases the diffi- 


compressed air 





The pump 


Fig. 5. Mechanism of pump. 


culties of expiration. As you know, the expi- 
ratory muscles are not very well developed in 
man. Attempts to expire for a considerable 
length of time against slight positive pressure, 
will soon cause fatigue. I have found that 
expiratory difficulty results in an increase of 
carbon dioxide in the blood, after a certain 
length of time, and acidosis develops due to 
gradually increasing expiratory deficiency. 
The expiratory muscles endeavor as long as 
possible to overcome the increased expiratory 
resistance, but after a varying length of time, 
in different persons, fatigue makes them un- 
able to fulfill the requirements for proper ex- 
piration even though low positive pressures are 
used. As the expiratory muscles become ex- 
hausted, the patient breathes with a more and 
more expanded thorax. In order to diminish 
these expiratory difficulties, it is generally con- 
sidered that as low a positive pressure as pos- 
sible should be used; on the other hand, with 
a low positive pressure there is more extensive 
paradoxical motion of the mediastinum, with 
all the consequent disadvantages of this mo- 
tion. 

If the tidal volume is insufficient, anoxemia 
increases, and there is an increase in carbon 
dioxide in the blood. I am convinced that un- 
less respiration is controlled the patient has a 
very small margin of safety since ventilatory 
exchange is then poor. In the majority of pa- 
tients whom I have had the opportunity of ob- 
serving in different chest clinics where con- 
trolled respiration is not used, the work of the 
respiratory muscle has been considerably in- 
creased during operations upon a patient’s 
wide open chest cavity. Many times these 
respiratory movements have been increased to 
such an extent that they have been exhausting 
to the patient. In my opinion, however, this 
strained respiration adds considerably to the 
respiratory burden, since the muscular work 
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in itself increases the demand for oxygen and 
so a vicious circle is established. 

In my opinion it is not an exaggeration to 
state that in the use of mechanically arranged 
artificial respiration which simulates normal 
breathing when the chest is open, we are in 
possession of the most ideal method for ven- 
tilation during these operations. It gives the 
widest possible margin of safety and also per- 
mits the performance of very difficult and 
time-consuming intrathoracic operations with- 
out the necessity for haste. 

The validity of this conclusion is confirmed 
not only by thelargeseries of intrathoracic oper- 
ations now reported from different clinics, but 
also, and perhaps still better, by the great im- 
provement in results obtained by surgical 
treatment of thoracic injuries in World War 
II over World War I. Sauerbruch, who 
erected special surgical chest services close be- 
hind the fighting lines on the western front at 
the end of World War I, was unable to bring 
the mortality rate lower than about 20 per 
cent. In the American Army, where intra- 
tracheal intubation and controlled respiration, 
to my knowledge, were practically always used 
during World War II, the primary mortality 
was brought down to about 5 per cent. The 
use of more effective antishock treatment and 
of chemotherapy have naturally helped to de- 
crease the mortality rate, but the use of ade- 
quate ventilation during operation in these 
cases has certainly been of great importance 
in bringing about improved results. 

Another small group of patients operated 
upon also proves the importance of adequate 
ventilation during operation within the chest. 
Since Trendelenburg in 1908 experimentally 
showed the possibility of removing large em- 
boli from the pulmonary artery, a considerable 
number of such patients were operated upon in 
Germany, but always with fatal result. All 
patients were operated upon through the 
opened left pleural cavity and with ordinary 
constant flowing positive pressure. In 1924 
when this operative procedure had lost its 
foothold, the German surgeon Kirschner suc- 
ceeded in removing a large embolus from the 
pulmonary artery and the patient survived. 
This success produced a new wave of activity 
but the results were as unsatisfactory as be- 


fore. In 1927 A. W. Meyer, of Berlin, changed 
the technique to a transmediastinal approach 
without opening either pleural cavity and was 
able to report 4 successful cases within a short 
period. Using the same technique, Professor 
Nystrom, of Upsala, and I successfully per- 
formed pulmonary embolectomies in 7 pa- 
tients. At that time I did not realize that it 
must have been the added demand on the 
function of the lungs and heart when opera- 
tion was done through a transpleural incision 
without controlled respiration that explained 
the consistently high mortality; it was the 
improyement in function of the lungs and 
heart when operating transmediastinally that 
changed the prognosis. 

In my clinic we have now started an investi- 
gation concerning the alterations in pulmon- 
ary arterial pressures under varying condi- 
tions. At the same time blood chemistry an- 
alyses are made and the cardiac output is de- 
termined. One of our aims is to learn how 
these factors vary when different types of 
ventilation are used during anesthesia in open 
chest operations. The evidence so far ob- 
tained does not permit definite conclusions. 
It would seem, however, that completely con- 
trolled artificial respiration maintains the nor- 
mal pressures within the pulmonary artery, 
whereas continuous positive pressure breath- 
ing or spontaneous breathing with only small 
orno help from the anesthetist produces a very 
marked drop in this pressure followed by dim- 
inished cardiac output. 

Intracardiac surgery has also had its prob- 
lems. It is easy to understand that complete 
control of all respiratory disturbances is a 
prerequisite to the intricate steps of intracar- 
diac surgery. Operations which do not ham- 
per the heart action too much cause few res- 
piratory problems—it is possible to remove 
foreign bodies from the heart in many cases 
and to operate successfully on some congenital 
malformations as well as upon the pericardi- 
um. However, if the heart function is dis- 
turbed too much by an operation close to or 
within the heart itself, it is my firm conviction 
that some means of replacing the heart action 
must be provided and that this is best done 
with some machine that can produce extra- 
corporeal circulation, and at the same time 
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oxygenate the blood. This, I believe, will be 
as important in securing good results in intra- 
cardiac surgery as has been the replacement 
of the patient’s own breathing by mechanically 
controlled respiration in the development of 
ordinary intrathoracic surgery. 

In seeking a solution to this problem we 
have fully realized the great difficulty of con- 
structing a machine with such capacity that 
it could take over the entire burden of the 
heart and at the same time be able to oxygen- 
ate enough blood for the needs of a large ani- 
mal or of man. We have, therefore, concen- 
trated our efforts on devising a machine which 
could take over only the more vital demands 
upon the heart. The most urgent demand on 
the heart, from a point of view of time, is made 
by the central nervous system, which cannot 
withstand deprivation of its arterial blood 
supply for more than 4 to 5 minutes without 
irreversible damage to the nerve cells. It was 
my opinion, therefore, that if, during an oper- 
ation upon the heart, satisfactory circulation 
could be artificially supplied to the brain, it 
would be possible to cut off the entire supply 
of blood to the heart, with the possible excep- 
tion of the coronary circulation. Operation 
then could be performed quietly and without 
haste and when completed the heart could 
once more take over the entire circulatory 
processes and the artificial cerebral circulation 
could be eliminated. 

Other organs of the body can be cut off from 
arterial circulation for a much longer period 
of time as was shown in a special group of cases 
of patent ductus arteriosus in which I per- 
formed division and suture of the large vessels. 
In these cases—now 33 in number—the aorta 
was completely clamped, distal to the sub- 
clavian artery. All arterial circulation was 
thus inhibited with the exception of that sup- 
plied by the large vessels originating directly 
from the arch of the aorta. The time of clamp- 
ing varied between 10 and 27 minutes, in the 
majority of cases for 20 to 25 minutes. In 
none of these cases were there discernible dis- 
turbances in those organs supplied by arteries 
originating below the site of aortic occlusion. 
In one other case technical difficulties unfor- 
tunately prolonged the time of occlusion to 
between 45 and 50 minutes. In this case al- 


though signs of circulatory disturbances in 
the spinal cord became apparent they were 
in the process of regression 3 weeks later 
when the patient died from another cause. It 
thus seems that the collaterals to the spinal 
cord from the vertebral arteries are not ade- 
quate to maintain function for so long a period 
of time. It appears, therefore, that we should 
have a period of approximately 25 minutes for 
surgical procedures within the heart itself with 
simultaneous inhibition of all blood supply 
to it, provided that artificial circulation can 
be supplied to the central nervous system dur- 
ing this period. 

In close co-operation with Mr. Emil Ander- 
son of Aga’s experimental department and 
with Dr. Viking Bjérk, who during recent 
years has been my scientific assistant, and 
through generous financial grants from the 
Swedish Technical and Medical Research 
Councils, it has been possible for us to solve 
experimentally the problem of artificial cer- 
ebral circulation. Mr. Anderson has worked 
on the difficult technical problems of engineer- 
ing construction. To Dr. Bjérk was en- 
trusted the task of analyzing the perfused 
blood in every conceivable way during the ex- 
periments. The results of his analyses have 
gradually given rise to changes in the appara- 
tus and the techniques of perfusion until at 
last we have reached the stage where it is pos- 
sible to relieve the heart from its task of sup- 
plying the brain with oxygenated blood. 

The idea of constructing an apparatus for 
perfusing the organs with oxygenated blood 
is far from new. Ever since Ludwig and 
Schmidt in 1868 attempted to add oxygen to 
the blood for the purposes of perfusion, simply 
by shaking the blood in the air, a number of 
workers have tried to solve the problem in 
various ways. Nevertheless, until the end of 
the 1930’s, no one had succeeded in construct- 
ing an apparatus in which alterations in the 
blood (hemolysis, coagulation, etc.) were re- 
duced to such an extent that in the presence of 
adequate oxygenation irreversible organic 
changes did not develop in the experimental 
animal. John Gibbon Jr., of Philadelphia, 
was the first to succeed, by means of artificial 
circulation, in keeping his experimental ani- 
mal—in this case a cat—alive for a prolonged 
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period. Four cats, which had the pulmonary 
artery clamped for periods of 12 to 20 minutes, 
survived and were healthy. His experiments 
have been resumed since the close of World 
War II. 

Earlier attempts to supply oxygen to the 
blood to be perfused were chiefly made in three 
different ways. The first was to bubble oxygen 
through the blood. The second consisted in an 
attempt to split up the blood into small drops 
in an oxygen atmosphere and then to recollect 
the blood. The third method was to spread the 
blood in a very thin film over a large surface. 
The last mentioned method was that used by 
Gibbon and he succeeded in supplying a great- 
er quantity of oxygen per time unit than any 
other previous worker had done. With a rate 
of flow of 400 to 500 cubic centimeters per 
minute through the apparatus, he was able to 
supply 30.5 cubic centimeters of oxygen per 
minute to the blood flowing through it. This 
quantity of oxygen is nevertheless far from 
sufficient to respond to the needs of the human 
brain, which has been calculated to require be- 
tween go and roo cubic centimeters of oxygen 
per minute. 

In the lungs of mammals, the red blood cor- 
puscles are exposed to the oxygen in the al- 
veoli only for a very short time—even less 
than one second. This length of time more 
than suffices, however, for the hemoglobin in 
the corpuscle to become saturated with oxygen, 
even if its original oxygen content was very 
low. We considered that it was. worth en- 
deavoring to imitate this actual condition 
when constructing our apparatus through 
which the blood must flow in passing from the 
superior vena cava to the arteries which sup- 
ply the brain. 

We, therefore, built an apparatus in such a 
way that the blood flowing through it is re- 
peatedly and at short intervals brought up 
and spread out on a series of thin circular 
discs which are partially dipped into the blood 
flowing through the apparatus. Figure 2 shows 
the apparatus for experimental use. 

The apparatus consists of a number of prin- 
cipal parts. First, the artificial lung or oxygen- 
ator (3 in Figure 2) and, secondly, the 
artificial heart or pulsating pump (7 in Figure 
2). Oxygenation is achieved by collecting the 
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blood from the venous system of the experi- 
mental animal in a recumbent half cylinder. 
Many small circular discs on a rotating axle 
fit into this half cylinder (Fig. 3). By rapid 
rotation of these discs, a thin blood film ad- 
hering to them is exposed to an atmosphere 
of oxygen (Fig. 4). The optimum minute area 
of blood film exposed to oxygen in our present 
machine is about 50 square meters—in other 
words, an area equal to a fair sized room. The 
oxygenated blood which amounts to approxi- 
mately 34 of a liter per minute and to which 
can be added 70 to 80 cubic centimeters of 
oxygen is recollected and distributed to the ex- 
perimental animal by a rhythmical pumping 
system. This system consists simply of two 
modified de Laval pumps for milking cows. 
The pump consists of a metal cylinder lined 
with a rubber cuff (Fig. 5). The rubber tube 
conveying the blood passes through the center 
of this cuff and is rhythmically constricted by 
compressed air. Valves on each side of the 
pump keep the blood flowing in only one direc- 
tion. There are two such pumps working par- 
allel with alternating pulsations similating sys- 
tole and diastole and producing a blood pres- 
sure consistent with that found in the experi- 
mental animal. 

It is not, however, sufficient to saturate the 
blood that passes through the perfusion ap- 
paratus with oxygen before it is retransferred 
to the arterial system of the animal. The 
blood to be delivered must be controlled in 
every possible way to ensure that it is as simi- 
lar as possible to normal blood. Frothing must 
be prevented else emboli may occur. Heparin 
is used to counteract the clotting mechanism 
of the blood. The carbon dioxide content must 
be kept constant in order to maintain the de- 
sired pH. The blood sugar which has proved 
to be very unstable must be replaced. Any 
tendency to hemolysis must be avoided and 
the temperature must be automatically kept 
at a constant normal level for the experimental 
animal. These and still other less important 
factors all must be controlled in order for the 
blood to be serviceable’. 

We have now reached the stage where, by 
our perfusion method, after clamping the 


1(Further details are given in Acta chir. scand., 1948, Vol. 96, 
suppl. 137.) 
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brachiocephalic artery in the dog and ligating 
the vertebral arteries, we are able to keep the 
brain alive for as long as 114 hours. The blood 
from the artificial heart and the oxygenator is 
injected into the carotid arteries through the 
brachiocephalic and removed from the su- 
perior vena cava which is clamped proximally 
during the experiment. In our series of per- 
fusion experiments we have also performed 
one on a dog, in which a right sided thorac- 
otomy was done, the azygos vein was ligated 
and both cavae were clamped. Thus in this 
animal no blood from the systemic circulation 
was permitted to enter the heart and the only 
circulation which was maintained was the arti- 
ficial brain perfusion. The cavae were clamped 
and the perfusion was maintained for 33 min- 
utes. This animal survived and has been un- 
der observation for more than a year without 
any signs of damage. 

During the last 3 months we have per- 
formed intracardiac operations on a small 
number of dogs but have not yet obtained 
successful results. Some dogs have survived 
from 1 to 10 hours. They have regained nor- 
mal eye reflexes, moved their legs, made at- 
tempts to stand up, and have also discharged 
normal urine. During the time of survival 
they have shown a decrease in the blood pres- 
sure and an increase in the pulse and respira- 
tory rate. In the majority of cases hemor- 
rhage was found in the pleural cavities at 
autopsy. The cause of death was considered to 
be an excessive loss of blood. This bleeding is 
certainly due to the comparatively large dose 
of heparin necessary to avoid coagulation in 
the extracorporeal circulatory circuits. 

We are now trying to diminish the amount 
of heparin as much as possible; we cover all 
surfaces in contact with the blood outside the 
body of the dog with a new plastic material 
named silicon and try to ascertain the ade- 
quate doses of protamine sulfate necessary to 


neutralize the heparin in the blood of the ex- 
perimental animals. 

A number of dogs have also died of ventri- 
cular fibrillation. Following the suggestions 
of Dr. Beck, of Cleveland and Dr. Fauteux, 
of Montreal, we have been able to overcome 
this complication mainly by the use of their 
method of electric shock treatment of the 
heart. 

We had hoped that once we had solved the 
problem of the safe perfusion of the central 
nervous system, which we had expected to be 
the main difficulty in attacking the bloodless 
heart, we should no longer be faced with any 
other major problem. This, unfortunately, 
so far has not proved to be the case; a num- 
ber of unknown factors concerning the reac- 
tion of the heart itself still must be analyzed 
successively before intracardiac surgery can be 
fully developed. 

To my knowledge this study is in progress 
at present in five places, i.e., in Philadelphia, 
in Minneapolis, and in Toronto on this Con- 
tinent, and in Europe in Holland and in Swe- 
den. One achievement that seems probable 
in the near future is the study of the metabo- 
lism of isolated organs in the living animal. 
Another is concerned with the possibilities to 
be anticipated when oxygen can be supplied 
temporarily by perfusion in order to supple- 
ment inadequate oxygenation on the part of 
the lungs. 

I have attempted to set forth the present 
status of the development of thoracic surgery 
and have offered some suggestions concerning 
its further evolution. I have also outlined the 
evolution of controlled respiration and its sig- 
nificance in thoracic surgery. I hope I may be 
pardoned for attempting a parallelism be- 
tween this and the development of what might 
be termed controlled circulation for I feel sure 
that here lies the solution of the problem of 
intracardiac surgery of tomorrow. 


A SIMPLIFIED TREATMENT OF INGROWN TOENAIL 


R. W. NEWMAN, M.D., F.A.C.S., Iowa City, Iowa 


minor lesion, but symptomatically it is 

a major ailment. The cause commonly 

is an abnormality, not of the nail but of 
the soft tissues, of which there is an excessive 
growth at the end of the nail which obliterates 
a portion of the nail sulcus in which the lateral 
edge of the nail normally rests. It results from 
a combination of faulty trimming of the nails 
and crowding of the toes in ill fitting footwear. 
Treatment directed toward the soft tissue 
overgrowth should logically correct the ail- 
ment. 

The widespread and commonly accepted 
treatment of this condition deals with the 
nail, a small strip of which extending from 
free end to root is removed with matrix. 

The following treatment, dealing with the 
soft tissue only, corrects the underlying cause, 
is simple and rapid of performance, and yields 
prompt and permanent results. It may well 
be considered an office procedure. 

It was first employed on troops aboard ship 
during maneuvers in preparation for the in- 
vasion of Sicily. It has since been used on a 
large number of patients by the author and 
his colleagues. The results have been uni- 
formly satisfactory. Its object is to re-estab- 
lish and maintain the nail sulcus and thus to 
provide the nail an open channel along which 
its growth may proceed unobstructed. This 
involves an incision through the soft tissues 
under novocain anesthesia and the application 
of a small metal plate with an under-turned 
edge. An extensive inflammatory reaction 
should be cleared up by frequent hot soaks 
previous to surgery. The procedure is carried 
out without hesitancy in the presence of 
chronic, well localized infection. The plate 
provides excellent drainage. 


T° GROWN toenail pathologically is a 


THE OPERATION 


The toe is prepared for surgery by the lib- 
eral use of soap and water, alcohol, and an 
antiseptic such as tincture of zephiran or mer- 
thiolate. A small quantity of novocain is in- 
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jected directly into the swollen, prominent 
soft tissue over the tip of the ingrown portion 
of the nail at the end of the toe (Fig. 1, A). 
This is injected rapidly and under sufficient 
pressure to insure immediate anesthesia and 
provide absolute hemostasis. An incision is 
then made directly down through the over- 
grown soft tissues in line with and about the 
depth of the nail sulcus, revealing the lateral 
margin and the ingrown tip of the nail (Fig. 
1, B). The nail plate (Fig. 1, C) is now put 
in place by first engaging the narrow, under- 
turned margin beneath the ingrown tip of the 
nail and then gently forcing the plate proxi- 
mally on the nail (Fig. 1, D and E). It is not 
necessary to push the plate beyond the eponych- 
ium, for there is sufficient lateral nail mar- 
gin remaining distal to this point (Fig. 1, B) to 
hold the plate securely. The free or distal end 
of the plate is allowed to project beyond the 
soft tissue at the site of the incision. This 
insures the formation of a normal nail sulcus 
along which the nail will eventually grow. 
The plate is held in place by two narrow pieces 
of adhesive tape (Fig. 1, F). It is essential 
that the tape be merely laid on, care being 
exercised not to subject the swollen soft tissue 
flap adjacent to the plate to undue pressure. 
A sterile piece of gauze is then applied and 
secured with narrow bandage and tape. 

This entire procedure can be carried out in 
several minutes and well within the period of 
hemostasis afforded by the pressure injection 
of the novocain. 

The patient is permitted to bear weight 
immediately. The toe ordinarily remains sore 
for 2 to 3 days. At the end of this time the 
patient may be expected to become normally 
active. If appreciable soreness persists beyond 
3 days, the plate should be carefully inspected. 
It may become slightly displaced and cause 
undue pressure on the sensitive nail fold ad- 
joining the eponychium. Care in properly 
placing the plate and the tape at the time 
the operation is performed will avoid this 
complication. 
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The first plates to be used were cut from a 
grapefruit juice can. There was slight reaction 
between the plate and open wound as mani- 
fested by the formation of a dark brown de- 
posit on the plate and the nail. This appar- 
ently interfered in no way with the healing of 
the wound. Plates of lightweight duralumi- 
num were next used. These were quite satis- 
factory and caused almost no reaction. At 
the present time plates of stainless steel are 
employed and these are recommended. They 
are entirely inert in tissues. A stock of these, 
cut to 3 sizes, are kept on hand. Before pre- 
paring the toe for surgery, the plate nearest 
the size desired is selected and trimmed to the 
exact dimensions required, and then placed in 
an antiseptic solution preparatory for use. It 
is so cut that the free or distal end runs from 
the tip which is to project beyond soft tissue 
at the nail sulcus obliquely back or proximally 
at an angle of about 60 degrees (Fig. 1, C). 
This allows a portion of the distal end of the 
nail to remain exposed. A small area of the 
nail opposite the side involved is likewise left 
uncovered (Fig. 1, F). This serves for sim- 
plicity in securing the plate with tape and in 
keeping the area clean. 


AFTER CARE 


The outer gauze dressing should be changed 
on the third day. The toe is cleaned and a 
small piece of sterile gauze applied. The tape 
holding the plate in place is not disturbed. 
The patient is then instructed to keep the toe 
clean and to change the outer gauze dressing 
only when needed. If the tape holding the 
plate is loosened, fresh tape is placed over it 
without disturbing the plate. It is desirable 
to leave the plate in place until the nail has 
grown out to the distal end of its sulcus. How- 
ever, after 3 weeks the plate may be removed 
and replaced with ease and without pain. The 
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Fig. 1. A, Novocain injected under pressure. B, Incision 
of swollen, overgrown soft tissue along line of nail sulcus 
exposing ingrown portion of nail. C, Nail plate made of 
light weight stainless steel. D, Cross sectional view of E. 
E, Nail plate being put in place. F, Operation completed 
with plate and tape properly placed. Note the relative 
size of plate and nail. The 60 degree angled corner of this 
plate projects beyond the soft tissue of the sulcus. 


wound by this time has healed and is covered 
with healthy epithelium. Once the nail has 
grown out the desired length, the patient is 
instructed to cut the nail straight across and 
warned never to trim it back proximally in the 
sulcus, for this certainly invites the recurrence 
of the ailment. 

If both sides of the same toe are involved, it 
is advisable to use two small plates. To obtain 
an accurate fit by use of one plate with both 
sides turned is too difficult to justify its use. 





THE PRODUCTION AND PREVENTION OF 
THROMBOSIS AND EMBOLISM 


EDWARD C. MASON, M.D., Ph.D., and STEARLEY P. HARRISON, M.S., M.D., 
Oklahoma City, Oklahoma 


N experimental study on the subject of 
the production and prevention of 
experimental thrombosis and pul- 
monary embolism was published by 

one of us (Mason) in 1924 (1). In that report 
the author included the following data and con- 
clusions: ‘Intravascular coagulation (throm- 
bosis) was produced by the intravenous ad- 
ministration of the saline extract of dried lung 
tissue. All injections, in rabbits, were made in 
the marginal ear vein. It was observed that 1 
to 3 minims of the salt extract was sufficient to 
kill a rabbit in 20 to 30 seconds. ... Emboli 
were produced by isolating the external jugu- 
lar in dogs and occluding the vessel centrally. 
Tissue extract, generally about 1 cubic centi- 
meter, was injected into the occluded vessel. 
After about 30 seconds the central occlusion 
was released and the firm clot (thrombus) was 
allowed to pass into the circulation.” 

It was also demonstrated that thrombosis 
and embolism, resulting from the injection of 
tissue extract, could be prevented by adminis- 
tering a definite amount of anticoagulant 
(heparin). By the use of shed blood to stand- 
ardize the anticoagulant against the coagu- 
lant, it was observed that 0.0005 to 0.001 gram 
of anticoagulant would protect against o.1 
cubic centimeter of lung tissue extract added 
to the shed blood. “Figuring on this basis the 
anticoagulant was used for the protection 
against intravascular coagulation and we 
found that 0.003 gram of the anticoagulant 
was always sufficient to protect against 0.3 
cubic centimeter of coagulant. Without such 
protection the rabbits died in 20 to 30 seconds, 
but, with the protection, the 0.3 cubic centi- 
meter of tissue extract was injected without 
the least apparent harm to the rabbits.” When 
the anticoagulant was tested on dogs it was 
found that the administration of o.oo1 gram 
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per pound of body weight was sufficient to 
change coagulation time from 4 to 10 minutes 
and such delayed coagulation was maintained 
for approximately 2 hours. A record of blood 
pressure and respiration taken during the ad- 
ministration demonstrated no change even 
when the injection was increased to 0.003 
gram per pound of body weight. 

The possibility of using heparin to prevent 
clinical thrombus and embolism was repeated- 
ly emphasized by the author. The following 
statement was included. “Considering that 
clinical thrombosis and embolism are, to a 
certain degree, comparable to experimental 
thrombosis and embolism, I have suggested 
that the preparation be put up in 1 cubic centi- 
meter ampules containing 0.100 gram. How- 
ever, it has been found more satisfactory to 
put it up in 2 cubic centimeter ampules dis- 
solved in physiological salt solution and steri- 
lized by saturating with boric acid and 0.5 per 
cent chloretone.” Convinced that heparin as a 
clinical agent could inhibit intravascular coagu- 
lation, the author extended his observations to 
include human subjects. His results and con- 
clusions are to be found in “‘A Note on the Use 
of Heparin in Blood Transfusion” 1924 (2), 
“Before such clinical application could be 
made, it was necessary to (1) develop a sterile 
product, (2) determine the toxicity for the 
human, (3) determine the dose necessary to 
give the desired delay in coagulation and (4) 
the length of duration of its action.” These 
problems were solved and heparin was used 
in 33 transfusions. Since 1924 volumes have 
been written on the use of heparin in the pre- 
vention of thrombosis and embolism; how- 
ever, the chief contribution has been the pro- 
duction of heparin with greater purity and 


potency. 
EXPERIMENTAL 


The following study was undertaken with 
the desire to analyze and illustrate the mech- 
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anism of the production and prevention of 
thrombosis and embolism. 

A simple artificial circulatory system was 
set up (Fig. 1); consisting of a Mariot flask 
(A) as a reservoir, a glass tube equipped with 
a side arm (B) and a stopcock (C). The entire 
system was filled with freshly heparinized 
blood and the side arm packed with a wick 
through which controlled amounts of tissue 
extract were added. The blood was continu- 
ously circulated through the system for a 
period of nearly 2 hours, the rate of flow being 
regulated by the stopcock. 

Analysis of the illustrated results demon- 
strates the following: (1) the function of tissue 
extract in the production of thrombus forma- 
tion and resulting embolus; (2) the antagonis- 
tic action of heparin and tissue extract; (3) 
the effect of the streaming action of the blood 
(hemodynamics) on the structure of intravas- 
cular clots. 

The function of tissue extract in the production 
of thrombus formation and resulting embolus. 
Thrombus formation is initiated at the base of 
the side arm where the circulating blood 
comes in contact with the tissue extract and 
growth of the thrombus is mainly in the direc- 
tion of blood flow. Whether or not a clot 
forms at the point where the tissue extract is 
introduced depends largely upon the rate of 
blood flow and also upon the rate at which the 
tissue extract is introduced. If the rate of 


Fig. 2. Upper surface of longitudinal section of throm- 
bus, originally in contact with glass tube, shows result of 
very rapid coagulation as evidenced by convolutions and 
eddies related to turbulent flow. 
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Fig. 1. Apparatus for a simple artificial circulatory system. 


blood flow is slow, allowing the blood to stag- 
nate, the introduction of a small amount of 
tissue extract will produce a clot, but if the 
blood volume flow is great the chances for clot 
formation, at the point of tissue extract ad- 
ministration, may be very slight even though a 
large amount of tissue extract be introduced. 

Frequently during the course of this experi- 
ment there may occur a sudden marked slow- 
ing or stoppage of circulation due to a portion 
of the detached thrombus becoming lodged in 
the bore of the stopcock. The analogy to clin- 
ical embolism is thereby demonstrated. 

The antagonistic action of heparin and tissue 
extract. The exact mechanism of heparin ac- 


Fig. 3. Another section which was selected from a 
region of clot where stream line flow had been established 
demonstrates the fact that clot is laid down in definite 
parallel layers. 
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tion, in the prevention of blood coagulation, 
has been the subject of much research and dis- 
cussion. The anticoagulant action has been 
attributed toits being one or more of the follow- 
ing: (1) a powerful antithrombin, (2) an anti- 
prothrombin, and (3) an antithromboplastin. 
Probably, under selected conditions, heparin 
may demonstrate each of the three actions; 
however, the clinical use of heparin, in the 
prevention and treatment of thrombosis, owes 
its value to its power to neutralize thrombo- 
plastin (tissue extract). In our artificial cir- 
culating system we have demonstrated that 
the anticoagulant action of heparin may be 
counteracted by the antagonistic action of 
tissue extract. 

Effect of the streaming action of the blood 
(hemodynamics) on the structure of intravascular 
clots. Histological examination of an extra- 
vascular blood clot, resulting when shed blood 
is allowed to coagulate in paraffin tubes, re- 
veals a uniform mass of red cells with about 
the usual number of leucocytes scattered dif- 
fusely. There are occasional small, light stain- 
ing, homogenous areas which suggest collec- 
tions of platelets and fibrin. In contrast to 
this, microscopic examination of the intra- 
vascular clot reveals an entirely different pic- 
ture. The intravascular clot usually presents 
a laminated appearance; some layers being 
essentially platelets and fibrin alternated with 
layers of leucocytes and red blood cells en- 
meshed in fibrin. 

The difference in the structure of intra- 
vascular and extravascular clots has prompted 
several observers to conclude that the factors 
active in intravascular coagulation are quite 
different from those in extravascular coagula- 
tion. We are of the opinion that the principles 
concerned are the same except for the single 
mechanical factor of the streaming movement 
of the blood. The blood passing through the 
blood vessels encounters resistance due to the 
friction of moving against the vessels’ walls; 
therefore, the rate of blood flow is different at 
different points across the diameter of the 
stream. The external layer of fluid, in con- 
tact with the vessel wall, moves very slowly 
compared with the central portion of the 
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stream (axial stream). This unequal rate of 
cross section flow causes an unequal distribu- 
tion of the formed elements of the blood so 
that the heaviest (red blood cells) are concen- 
trated in the axial stream and the lighter ele- 
ments (white blood cells and platelets) are 
concentrated along the vessel wall. This 
brings into prominence the preliminary agglu- 
tination of platelets and white cell distribution 
in intravascular coagulation. 

Histological preparation of the clot and 
photomicrographs were made by Professor J. 
M. Thuringer of the Department of Histolo- 
gy. The clot within the artificial circulatory 
system was fixed im situ and carefully re- 
moved, sectioned, and slides prepared for mi- 
croscopic examination. Figure 2 shows the 
structure of a longitudinal section of the 
thrombus taken from the region of the side 
arm of the apparatus. The upper. surface of 
this section, originally in contact with the glass 
tube, demonstrates the result of very rapid 
coagulation as evidenced by the convolutions 
and eddies related to turbulent flow. 

In another section (Fig. 3) selected from a 
region of the clot where stream line flow had 
been established, it will be observed that the 
clot is laid down in definite parallel layers. 


CONCLUSIONS 


1. Tissue extract is the most potent agent 
in producing thrombosis and resulting em- 
bolism. 

2. Whether or not an intravascular clot 
forms at the point where tissue extract is in- 
troduced depends largely upon the rate of 
blood flow and also upon the rate at which the 
tissue extract is introduced. 

3. The clinical value of heparin in the pre- 
vention of thrombosis and embolism is due to 
its capacity to neutralize thromboplastin (tis- 
sue extract). 

4. The principles concerned in extravascu- 
lar coagulation and intravascular coagulation 
are the same except for the single mechanical 
factor of the streaming movement of the 
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FRACTURES OF THE 
LONG BONES 


HE management of fractures of the 

long bones is as old as surgery itself. 

Methods of splinting fractures were 
recorded in the earliest Egyptian writings and 
in the Bible, and Hippocrates devoted an en- 
tire chapter to “Fractures.”’ In those ancient 
times the principles of immobilization and 
traction were applied, and were reasonably 
well understood, and occasionally various 
rather crude forms of internal fixation were 
used for the grossly displaced compound frac- 
tures of long bones. Only since the latter part 
of the roth century, however, when Lister 
published his monumental work on asepsis 
and antisepsis, have surgeons been bold enough 
to treat closed fractures by operative means. 
During the past 30 or 35 years, fracture man- 
agement has become a very specialized part of 
surgery. It is still a fact that the great ma- 
jority of long bone fractures can be properly 
treated by manipulation and splinting, or by 
traction, and some surgeons are content so 


long as they can restore length, and maintain 
reasonably good alignment of the bones. Since 
Roentgen’s discovery of the x-ray, however, 
many surgeons have striven to restore per- 
fectly the normal anatomy, and, if necessary, 
by open operation. 

As the operative treatment of fractures has 
advanced materially in the 20th century, so, 
also, have methods of traction and plaster 
fixation. Skeletal traction, with the fine 
Kirschner wire, displaces very little bone, and 
is most effective when heavy pull is needed, or 
when the patient’s skin will not tolerate ad- 
hesive for as long as is necessary to stabilize 
the fracture. Russell’s traction employs the 
resultant of two forces, thus doubling the 
amount of pull of the weight applied, and is 
useful in realigning femoral shaft fractures. 
Many substitutes for plaster of paris have 
been manufactured, but none is as satisfactory 
for general use by the average surgeon. 

The modern operative approach to fracture 
treatment dates from the work of Lane, of 
Guy’s Hospital in London, about 50 years 
ago, and from the enthusiasm of Sherman, of 
Pittsburgh, after World War I. Both of these 
surgeons advocated early operative reduction 
of long bone fractures. The metals they used 
frequently caused reaction of tissues and had 
to be removed, so that Sherman later aban- 
doned his “‘vanadium steel,” in favor of 18-8 
S.Mo. stainless steel, which, with vitallium, is 
one of the standard materials used today. 

The healing process of a fracture, so well 
illustrated by a motion picture recently pro- 
duced by the American College of Surgeons’ 
Committee on Fractures and Other Traumas, 
begins as soon as the bone is broken, and any 
delay in treatment postpones healing. There- 
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fore, the broken bone should be realigned as 
soon as possible. This is particularly true if 
open reduction is to be done. The hematoma 
about the fracture site serves a very definite 
function, and the less it is disturbed, the bet- 
ter. The earlier the fracture is manipulated, 
or placed in traction, the easier it is to reduce, 
and, once open reduction is deemed necessary, 
the only excuse for delay is an unfavorable 
condition of the local tissues or of the patient. 

The reaction of tissues to metal is no longer 
a problem, now that 18-8 S.Mo. stainless steel 
and vitallium are available. In addition to in- 
ternal fixation with plates and screws, other 
forms of metal fixation of long bones have 
been advocated during the last decade. Prior 
to World War II, the Kuntscher rod became 
popular in Europe, and was extensively used 
during the war. It has a place in our armamen- 
tarium, but rapidly accumulating experience, 
particularly in America, seems to indicate that 
its use should be confined to the femur, and 
that it may be of very great assistance in 
stabilizing painful, pathological fractures. Ex- 
ternal skeletal fixation has lost some of its 
prewar favor, because of its indiscriminate use 
by inexperienced surgeons who failed to under- 
stand both the fundamental principles of ap- 
plication of the apparatus and of bone healing. 

The management of compound fractures 
received great stimulus during the war, as a 
result of delayed closure of wounds and the 
extensive use of antibiotics. The tremendous 
importance of obtaining a closed wound by 
means of relaxing incisions, plastic skin flaps, 
or by skin graft, is being appreciated more and 
more, not only to prevent draining sinuses 
and osteomylitis, but also to speed bone heal- 
ing, by encouraging revascularization of the 
osseus fragments. 

The vast majority of long bone fractures 
will heal, if given the opportunity, and can, as 
in the past, be effectively treated by manipu- 
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lation and splinting, or traction, but without 
question certain fractures must be openly re 
duced, and secured, while others can be bette 
treated by operation than by closed methods 
Broadly speaking, the following fractures 
should-be treated by operation: (1) joint frac 
tures, in which there is gross misalignment o/ 
articular surfaces; (2) shaft fractures near a 
joint, where traction or manipulation will not 
realign the fragments satisfactorily and pre- 
vent ultimate deformity of the joint, particu- 
larly a weight-bearing joint; (3) fractures with 
gross interposition of soft tissues; (4) frac- 
tures with a large interposed third fragment, 
holding the main fragments apart; (5) fractures 
with shortening, which cannot be corrected by 
traction; (6) fractures of the femoral neck. 
Finally, the decision to operate upon a frac- 
ture depends very much upon the surgeon 
himself. Does he have the proper tools? Is he 
operating in the proper surroundings? Does 
he have adequate assistance? Most important 
of all, is he qualified by training, experience, 
and ability to do the operation at hand? If 
these requisites cannot be fulfilled then the 
fracture had better be treated by closed 
methods. Epwin F. Cave. 


FRACTURES INVOLVING THE 
HAND, AND THE “POSITION 
OF FUNCTION” 


HE loss of function that so often 

follows a crushing injury of the hand 

which is complicated by multiple 
fractures of carpals, metacarpals and pha- 
langes is too well known to need comment as 
to its seriousness or importance. Whether 
because to many men the word “fracture” im- 
mediately suggests extension or whether be- 
cause we have become “‘pin-and-gadget con- 
scious” one at times cannot escape the im- 
pression that we are ignoring basic principles 
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of fracture treatment and surgical treatment, 
and thereby vitiating our results. 

The simple principles of fracture treatment 
—reduction, immobilization, and immobiliza- 
tion in such a position that there is a minimum 
of pull on the fractured fragments are as com- 
pletely applicable to fractures involving the 
hand as to fractures in any other part of the 
body. Fortunately, too, the position in which 
there is a minimum of tension on the frac- 
tured fragments almost invariably coincides 
with the position of function, the position in 
which the hand is placed if it were to grasp a 
ball—fingers semiflexed, thumb semiflexed, 
abducted and facing the fingers, hand in dorsal 
flexion at the wrist and midway between 
pronation and supination. 

If one simply lets his hand relax on the desk 
or on the arm of his chair it automatically 
falls into a position closely resembling the 
position of function because it is also the 
position of rest, and one which represents a 
balance between the muscle pulls exerted 
upon the bones and joint capsules that make 
up the framework of the hand. If by contrast 
one holds his fingers for a few moments in 
complete extension he quickly realizes that 
this is not the position of rest but one of 
tension; and if this position is maintained for 
a number of weeks with the aid of pins, wires 
and traction:from an extension framework, 
and if at the same time there is extensive 
exudation into all the soft tissues not only is it 
difficult to maintain reduction of fractured 
fragments but the stiffness that quickly de- 
velops at the joints of the hand becomes a ser- 
ious obstacle to the restoration of function. 

The exudation of blood and serum that so 
quickly infiltrates all the soft tissues after a 
severe crushing injury suggests another prin- 
ciple of surgical treatment that has been long 
recognized but again is often ignored—the 
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principle of applying compression to limit 
exudation into injured tissues. How important 
this can be in all types of fracture was 
strikingly emphasized a few years ago by the 
late Dr. A. G. Davis and Dr. C. W. Fortune.! 

If one can reduce fractured fragments, im- 
mobilize the hand in the position of function 
and then apply compression to the injured 
area one is approaching what could be con- 
sidered the ideal treatment of fractures in- 
volving the hand. It was with these principles 
in mind that Mason and Allen, when con- 
fronted with many cases of severe compound 
injuries of the hand in the Italian Theater of 
the war, fashioned what they have termed the 
universal splint, a simple splint hammered 
out of sheet aluminum and fashioned so as to 
lie smoothly in the cupped palm of the hand 
and fingers held in the position of function 
and over the volar surface of the forearm. 
By laying the hand withfractured bones reduced 
upon the splint reduction could be maintained 
by packing gauze between slightly separated 
digits, and enveloping gauze covered hand and 
splint with a compression bandage. Not only 
was the hand immobilized in the position of 
function but the much desired compression 
was secured as well. 

After studying the results obtained and re- 
ported by Mason and Allen,” in a considerable 
number of cases one cannot escape the con- 
clusion that they have pointed the way to a 
greatly improved method of treating frac- 
tures of the hand and that pins, intramedul- 
lary wires and particularly the so-called banjo 
splint, except in unusual instances, have little 
place in the treatment of fractures involving 
the hand. SuMNER L. Kocu. 


1Davis, A. G., and Fortune, C.W. J. Bone Surg., 1943, 25: 
7-120. 

Allen, H. S., and Mason M.L. Q. Bull. Northwest. Univ. M. 
School, 1947, 21: 238. 

Mason, M. L., and Allen, H. S. Surg. Clin. N. America. Feb., 
1940, P. I5. 
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MEMOIRS 


DR. IRVIN ABELL 


HE sudden death of Irvin Abell brought to a close the career of one of 

the great men of American medicine. The profound grief which followed 

the announcement of his death and the eulogies of his life and work were 
evidence of the respect and affection in which he was held by his professional 
colleagues and by his innumerable friends and patients. Seldom has anyone in 
any walk of life been accorded the homage given him by the medical profession 
throughout the entire country, and particularly by the people of Kentucky, the 
State in which he was born and in which he gained national recognition as a 
superb surgeon, great administrator and a true humanitarian. 

Irvin Abell was known to the profession as a sound clinical surgeon, splendid 
teacher, and a careful investigator. His logical approach to surgical problems, the 
clarity of his discussion, the skill with which he performed an operation, and, 
above all, the consideration he gave to patients and assistants made a visit to his 
clinic an unforgettable experience. In his desire to know the truth he was a 
general surgeon in the broadest sense of the term, and by his unusual talents in 
both the written and spoken word he contributed immeasurably to the part 
American surgeons played in the dramatic advances of the past fifty years. Be- 
cause of his extraordinary ability to focus attention on the essentials of any sub- 
ject, his published works were always instructive. Particularly notable, in the 
widening horizons of surgery in the early years of this century, were his papers 
on surgery of the thyroid, the colon, the stomach, duodenum, pancreas, abdom- 
inal emergencies and urologic and gynecologic conditions encountered by the 
general surgeon of his day. In his later years, he turned more often to discussions 
of the responsibilities of the medical profession to the public, in peace and in war, 
of medical education, graduate training in surgery, of medicine in industry, and 
of the influence of pioneers in the profession, particularly in his own state of Ken- 
tucky. Scholarly as his writings were, they acquired added luster as he presented 
them, for he was a most gifted and convincing speaker on every occasion. 

As an administrator, Irvin Abell held a unique place in American medicine. 
In his own medical school at Louisville he organized the surgical teaching, first 
as Professor of Surgery and later as Clinical Professor, for more than forty years. 
These responsibilities, together with a busy surgical practice, gave him an insight 
into problems of teaching and practice which was constantly called upon in the 
high positions to which he was called in state and national societies and commit- 
tees. In these activities, his unerring tact, his fairness, and wise counsel were of 
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great service to the organizations with which he was connected. This was par- 
ticularly true of the American College of Surgeons, for he had been a member of 
the Board of Regents since 1926 and was Chairman of the Board from 1939 to 
the time of his death. His unswerving devotion to the ideals and objectives of 
the College and his guidance toward the attainment of them had a conspicuous 
part in the elevation of the standards of surgery which the College has achieved. 
As Chairman of the Board of Directors of the Franklin H. Martin Memorial 
Foundation, he represented the objectives of that Foundation; namely, the per- 
petuation of the Journal: Surgery, Gynecology and Obstetrics, the official journal 
of the American College of Surgeons, founded by Doctor Franklin H. Martin. 
The wide recognition of Doctor Abell’s ability as a surgeon and as an adminis- 
trator is recorded in such honors as the Presidency of the American Medical 
Association, American College of Surgeons, Southern Surgical Association, South- 
ern Medical Association, Association of Military Surgeons of the United States, 
and the Honorary Fellowship conferred upon him by the Royal College of Sur- 
geons of England. 

It is somewhat paradoxic, but immensely pleasing to record, that a man of such 
great achievements and one whose interests were so broad should remain through- 
out his life a quiet, unassuming, and humble gentleman. Those who have had the 
good fortune to serve with him in administrative capacities will agree that his 
predominant characteristic was his equanimity. He had a judicious mind, was 
firm but not dogmatic in his opinions, and was always kindly, courteous and never 
uncharitable, and as was said of Sir Clifford Albutt, he was representative of the 


most courtly tradition of the art of medicine. Irvin Abell will be remembered 
for the distinction with which he carried on his many activities, for his under- 
standing, for his discrimination in devoting his talents to high objectives, and for 
his good will toward all men. Donatp C. BALFour. 
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EOPLASMS of the intrathoracic part of the 
esophagus and of the gastric cardia have been 
among the last to resist surgical attack. Real 

progress in the development of surgical techniques for 
the removal of malignant processes involving these 
organs has been made only in the last 10 years. In 
Cancer of the Esophagus and Gastric Cardia,! Dr. 
George Pack has collected the experience and opin- 
ions, gained during this period of development, of a 
number of surgeons who have had an extensive ex- 
perience with the surgical procedures involved. 
Among the authors included in this volume, Sweet 
and Garlock deserve particular credit because they 
have contributed so much to the development of this 
field of surgery. This book provides those interested 
in the surgical management of lesions of the esopha- 
gus and cardia a valuable opportunity to review the 
problems involved in the surgical treatment of these 
lesions and to compare the techniques and results of 
operation of a number of different surgeons who have 
had wide experience in this field. 

All the authors of the various papers in this vol- 
ume give well deserved credit to the progress in anes- 
thesia that has made possible the operative proce- 
dures involved in the treatment of carcinoma of the 
esophagus and gastric cardia. The roentgenologic as- 
pects of the diagnosis of these lesions are well pre- 
sented. The difficulties in accurate roentgenologic 
diagnosis of some lesions of the gastric cardia are em- 
phasized. The book includes a splendid chapter on 
the preoperative and postoperative care of patients 
who have malignant lesions of the esophagus and 
cardia. The importance of these measures cannot be 
overemphasized. It is unfortunate that this volume 
does not contain a more complete discussion of the 
endoscopic aspects of lesions of the esophagus and 
gastric cardia. Esophagoscopy and gastroscopy are 
indispensable in diagnosing lesions of this region. 

It is apparent from a review of the various con- 
tributions to the volume that there is still consider- 
able difference of opinion regarding many phases of 
the operative techniques used in treatment of cancer 
of the esophagus and gastric cardia. Some of the 
contributors prefer a preliminary abdominal incision 
for exploration of lesions of the gastric cardia; others 
feel that primary transthoracic transdiaphragmatic 
exploration is to be preferred. Some advocate com- 
bined abdominothoracic incisions; others condemn 
this approach, feeling that a lesion that requires such 
an incision for its removal probably is inoperable 


1CANCER OF THE ESOPHAGUS AND Gastric Carp1A. Edited by 
George T. Pack, B.S., M.D. St. Louis: The C. V. Mosby Co., 
1949. 
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anyway. It seems generally agreed that the anasto- 
mosis should be accomplished with interrupted silk 
or cotton sutures throughout. However, there is dif- 
ference of opinion as to whether the end of the stom- 
ach should be closed and the esophagus implanted on 
its anterior wall or the end of the stomach narrowed 
and end-to-end anastomosis of the stomach to the 
esophagus established. Most of the differences in 
opinion and technique probably are not of funda- 
mental importance. With further experience many 
of the differences will be resolved. 

The mortality rates reported seem reasonable 
when one considers the age group involved, the phys- 
ical condition of most patients by the time a diagno- 
sis of the lesion is arrived at, the magnitude of the 
operation necessary, and the fact that the experience 
reported covers the period of development of new 
procedures and techniques. The reported series are 
not large enough and the condition of the patients 
involved has not been followed long enough to per- 
mit accurate evaluation of prognosis, but the results 
seem at least to be as good as those which follow 
operations for carcinoma of the stomach in general. 

One cannot read this volume without being im- 
pressed by the progress that has been made in this 
field of surgery during the last decade. Neoplasms 
of every portion of the esophagus and gastric cardia 
have become accessible to surgical procedures based 
on sound principles of surgery for malignant lesions. 
In this symposium Dr. Pack has brought together, 
from many sources, a wealth of experiences covering 
almost all phases of the problems involved in the 
surgical treatment of carcinoma of the esophagus and 
gastric cardia. It is a worth-while addition to medical 
literature. O. T. CLAGETT. 


HE volume The Normal and Pathological Physi- 
ology of Pregnancy’ is a collection of papers given 
at a conference of the Committee on Human Repro- 
duction of the National Research Council, January 
30 and 31, 1948. The various articles are well written 
and are of particular interest for obstetricians and 
those doing research in obstetrics. For the benefit of 
those who may wish to secure the volume, a brief 
summary of some of the articles is appended. 
In addition to its functions as an organ subserving 
the catabolic and anabolic growth requirements of 
?THE NORMAL AND PATHOLOGICAL PHYSIOLOGY OF PREGNANCY. 
Proceedings of the Conference of the Committee on Human Re- 
production of the National Research Council on behalf of The 
National Committee on Maternal Health held in New York City, 
January, 1948. Reprinted from Obstetrical and Gynecological 


Survey. Vol. 3, No. 5, October 1948. Baltimore: The Williams 
& Wilkins Co., 1948. 
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the fetus, the placenta is an endocrine organ which 
appears to synthesize and secrete several hormones. 
During toxemia, there are definite objective evi- 
dences for dysfunction of the placenta, in regard to 
the elaboration of both enzymes and hormones, and 
its capacities for transmission. Such dysfunction ap- 
pears to be associated with and probably caused by 
the diffuse trophoblast injury. 

Dilation of the cervix is associated with a gradient 
of diminishing physiological activity from the fundus 
to the lower uterine segment. Deviation from this 
pattern is associated with prolongation of labor or 
prevention of dilation. The physiological basis of this 
gradient of activity is discussed with respect to the 
tissue tensions in fundus and lower uterine segment 
respectively ; in the fundus the tension exceeds that in 
the cervix by about 3:1. 

The precipitable iodine of the serum rises sharply 
at the onset of pregnancy from the normal concen- 
tration of 4 to 8 y per cent to concentrations between 
6 and 10 y per cent, and remains at these levels until 
delivery, after which it rapidly returns to the normal 
range. No evidence has been found in a limited 
number of observations that serum precipitable io- 
dine is abnormal in women with infertility or suffer- 
ing from toxemias of pregnancy. 

The study of the excretion of urinary metabolites 
of the ovarian, placental, and adrenal hormones has 
thrown considerable light on the interrelationship of 
the various endocrine glands in pregnancy. 

Epwarbp L. CoRNELL. 


HE fourth edition of Doctor Partipilo’s book! on 

surgical technique represents a complete revision 
of his previous fine textbook. In his preface the author 
states that “endeavor has been made to include in 
each chapter a review of surgical anatomy and a dis- 
cussion of pertinent pathologic, physiologic, and 
clinical aspects of each subject. Complete chapters 
were devoted to consideration of the physiologic 
basis for the treatment of peptic ulcers, duodenal ob- 
struction, intestinal obstruction, peritonitis, diseases 
of the gall bladder and extrahepatic bile ducts, dis- 
eases of the pancreas, thoracic diseases, diseases of 
the peripheral vascular system, and diseases of the 
colon and rectum.” 

The general principles of operative surgery are dis- 
cussed in an interesting manner, and the technical 
steps of each operative procedure are described in de- 
tail and are illustrated by exceptionally fine line 
drawings by W. C. Shepard and Hooker Goodwin. 
There are 547 figures containing 997 illustrations ac- 
companying the text. Each chapter ends with a brief 
bibliography and a list of questions for the student. 

In a book of this scope and size, there is, it seems 
to me, too much space devoted to a procedure which 
has the limited application that gastrostomy has and 
a disproportionately large emphasis placed on duo- 


ISURGICAL TECHNIQUE AND PRINCIPLES OF OPERATIVE SUR- 
GERY. By A. V. Partipilo, M.D., F.A.C.S. Foreword by Alton 
Ochsner, M.D., F.A,C,S, 4th rev. ed. Philadelphia: Lea & 
Febiger, 1949. 
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denal obstruction. The book as a whole would have 
gained had those chapters been reduced for the more 
complete presentation of surgical principles in tho- 
racic disease, but it is a book that can be recom- 
mended highly to the medical student, surgical resi- 
dent, and general surgeon. W. D. SEyBoxp. 


| be Dr. Quiring’s Collateral Circulation,? there is pre- 
sented an unusually convenient and concise ac- 
count of the major arterial and venous channels, 
which offer possible bypaths for the circulation in 
cases of occlusion.. 

With excellent selective judgment, the author has 
taken examples from an abundant literature and has 
arranged them on a regional basis; he has portrayed, 
in 61 simple, diagrammatic figures, the circuitous 
routes by which blood passes through the newly en- 
larged, initially subsidiary, channels. 

Following an introductory review of the embry- 
onic, or primordial, capillary beds from which adult 
arteries and veins are selectively derived, Dr. Quiring 
discusses, in succession, the dynamics and associated 
features of collateral connections, chief vascular pat- 
terns, and the anastomoses which occur in the head, 
neck, trunk, heart, and extremities. Each complex 
region is exhaustively handled, to offer details of cir- 
culatory anatomy; for example, the orbit, the eyelids, 
the tonsils, the suprarenal glands and kidneys, the 
cardiac wall, the ear and temporal bone, the uterus 
and vagina, are treated from the standpoints of vas- 
cular requirement and plexiform source. 

Dr. Quiring corrects the fallacious notion held by 
many modern writers, that all important anatomic 
and medicosurgical knowledge is a possession of re- 
cent acquisition; he pays tribute to the important 
contributions of Aristotle, Celsus, Galen, Vesalius, 
Paré, Harvey, and Hunter; their observations are 
placed appropriately with those of recent times. 

The volume closes with a useful bibliography of al- 
most 100 items. Altogether, this small book of 142 
pages will be a most serviceable addition to the prac- 
titioner’s library. It will also be an illuminating ele- 
ment among the textbooks assignable for students’ 
use in the medical courses; being a dependable sum- 
mary of many separate treatises, it presents funda- 
mental information to the beginner at the time when 
correlation between current laboratory observation 
and prospective practice is most effectively estab- 
lished. Barry ANSON. 


sk. book Clinical Aspects and Treatment of 
Surgical Infections,’ a companion volume to his 
Treatise on Surgical Infections, deals in the broadest 
fashion with infections as seen by the surgeon. The 
management of surgical infections is not simply a 


*COLLATERAL CIRCULATION. (ANATOMICAL AsPECTs). By Daniel 
P. Quiring, Ph.D. Illustrated by Margaret Holman, Anatomy 
Division, Cleveland Clinic Foundation. Philadelphia: Lea & 
Febiger, 19409. 

3CLINICAL ASPECTS AND TREATMENT OF SURGICAL INFECTIONS. 
By Frank Lamont Meleney, M.D., F.A.C.S. Foreword by Allen 
= Whipple, M.D. Philadelphia and London: W. B. Saunders 

0., 1949. 
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matter of administering the proper chemotherapeu- 
tic or antibiotic drugs. Under many circumstances 
these drugs are of no value. In the majority of in- 
stances the drugs are simply adjuvants to other sur- 
gical measures, while in but few cases will drugs alone 
suffice. This broad concept of the surgical infection 
places the book at once among the classics in surgery. 
While the search for specific drugs and other specific 
agents does not cease and the rewards have been 
high, Dr. Meleney recognizes the fact that the sur- 
geon cannot depend on drugs alone in his fight 
against infection. The surgeon is interested not only 
in the causative organism but also in those other fac- 
tors which lead to the development of infections. He 
realizes that bacteria alone do not necessarily lead to 
infection. Bacteria are often simply fortuitous occu- 
pants of tissues or organs, and their growth and elab- 
oration of toxins but a complication of some under- 
lying pathologic process. The surgeon who would 
deal intelligently with these surgical entities or com- 
plications must be able to assess the significance of 
the various elements which enter into them. 

Following an introductory chapter on the physio- 
logic aspects of surgical infections by John S. Lock- 
wood, Dr. Meleney covers the whole field of surgery 
by systems and regions. Each entity is first dis- 
cussed from the standpoint of pathogenesis, upon 
which obviously logical therapy is based. Following 
adequate presentation of pathogenesis there follow 
bacteriologic observations and symptoms, signs, and 
treatment. Each part separately and the whole are 
presented with the thoroughness of a textbook of 
surgery, so that the student as well as the practicing 
surgeon is given a complete picture. Each section is 
followed by illustrative cases to bring out certain ele- 
ments in signs, symptoms, or care, and each case is 
succinctly epitomized. 

It would be difficult to select one chapter as more 
thoroughly presented than another. Meleney is per- 
haps best known for his pioneer contribution in bac- 
terial synergistic gangrene, and although the chapter 
dealing with infections of the skin and subcutaneous 
tissues which contains the discussion of this entity 
is most excellent, all other chapters are equaily 
thorough. One could scarcely find anywhere an 
equal to the chapter on appendicitis. 

The chapter on peritonitis has been contributed by 
Harold D. Harvey, and a final chapter on war 
wounds has been prepared by Alfred B. Longacre 
and William R. Sandusky. 

The book will be invaluable to both student and 
practitioner, and its comprehensive presentation and 
extensive bibliographic references will recommend it 
to the teacher. Micwaet L, Mason. 


HE book Neurovegetativo! is an accumulation of 

general information concerning the physiology 
and therapeutics of the neurovegetative system. It 
is a result of 20 years experience and study in various 
European universities. 


INEUROVEGETATIVO. By Estanislao Lluesma-Uranga. Buenos 
Aires, Argentina: Lopez & Etchegoyen, 1948. 
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It is most comprehensive and is divided into 6 
parts; the true perspective of the vegetative system, 
the extrinsic constants, diagnostic neurovegetative 
methods, the vegetative pathology, therapeutics and 
operative techniques. It is a practical book and ap- 
pears to be designed to contain all the general sub- 
jects of medicine with a neurologist’s and neurosur- 
geon’s background. 

The author presents his observations in tempera- 
mental vegetativism and neurovegetative effects in 
stomach ulcers, in appendicitis, in cancer; the emo- 
tional and psychovegetation response in trauma 
whether psychic or somatic; the neurovegetative at- 
titude in relation to surgical prognosis. He narrates 
the results of his experimental studies concerning the 
physiopathology of peripheral vascular diseases, 
plethysmographic tracings, the vascular nutrition of 
the myocardium, the electric excitation of the vagi in 
the neck, stimulation provoked by ergotoxins and the 
physiopathology of the sinocarotid reflex. 

The book has an exceptional comprehensive bibli- 
ography and is generously illustrated with excellent 
clear cuts. The last chapter on technique is most 
worth while from a practical viewpoint. It presents 
various surgical procedures illustrated in drawings 
so lucid that a beginner in neurosurgery may follow 
them with a high degree of confidence. This latter 
part of the volume is by far the outstanding feature 
and redeems whatever shortcomings and controver- 
sial issues which may be found in the preceding 5 
chapters. The approach of the work is entirely dif- 
ferent from anything found in the English literature 
and again for this reason the book is a valued addi- 
tion to the neurosurgeon’s library. 

STEPHEN A. ZIEMAN. 


| iw presenting his new text, Obstetric Analgesia and 
Anesthesia,? Dr. Snyder’s objective is to consider 
the problem of obstetric pain relief from the funda- 
mental physiologic point of view. He is primarily 
interested in the effect of pain relieving drugs on the 
fetus and on the mechanism of labor, and in deter- 
mining these effects accurately and experimentally. 
Thus, the entire first section of this book (more than 
half the text) is devoted to a review of these basic 
aspects of the problem—fetal respiration, asphyxia 
and atelectasis, and a laboratory method for assay- 
ing the effects of various agents on the fetus and on 
the labor, etc. And in the consideration of the indi- 
vidual drugs available, which occupies the second 
and somewhat shorter section of the book, the pre- 
sentation continually stresses the impact of each 
agent on the physiology of the fetus and on the course 
of labor equally with its pharmacologic action in ef- 
fecting pain relief. 

That this is a worthy objective is above dispute. 
A constant reconsideration of the fundamental phys- 
iology involved (in contrast to “Clinical Evalua- 
tions’’) is not only the better approach to medical 


OBSTETRIC ANALGESIA AND ANESTHESIA; THEIR EFFECTS 
Uron LABOR AND THE CHILD. By Franklin’ F. Snyder, M.D. 
Philadelphia and London: W. B. Saunders Co., 1949. 
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problems in general, it is imperative in the field of 
obstetric pain relief. Two patients of remarkably 
different environment—the mother and the baby— 
share each medication, and it is essential to know as 
accurately as possible the physiology of each of these 
patients and how it may be modified by the pharma- 
cologic action of the administered drug. 

The extent to which Dr. Snyder achieves this ob- 
jective, however, varies. Certainly it is true that his 
compendium of information on intrauterine fetal 
respiratory efforts, on the establishment of initial 
respirations and on neonatal asphyxia and atelectasis 
is one of the most complete at present available in 
medical literature. His own work of the past 2 
decades and the observations of others on these and 
related fields are here gathered together in readily 
accessible form. 

However, it must also be pointed out that in ex- 
pressing his views with vigor and cogency, the au- 
thor’s emphasis is sometimes partisan. Consider, for 
example, the total effect of the following 2 sentences: 
‘How frequently the effects of asphyxia at birth are 
manifest in later life as mental retardation or brain 
lesions is difficult to prove. In 70 per cent of a group 
of goo children in whom brain lesions were evident, 
Schreiber obtained a history of asphyxia at the time 
of birth.’”’ Each of these sentences is true, yet the 
impact of the paragraph on the reader is quite differ- 
ent than it would have been had the author, in his 
second sentence, quoted the work of McPhail and 
Hall (1941), for example, rather than selecting 
Schreiber’s work. The true fact selected for presen- 
tation weights the final effect by its emphasis. 

Also under the heading of emphasis it should be 
noted that morphine and scopolamine, alone or in 
combination, occupy 55 pages of text, while low 
spinal and continuous spinal anesthesia are covered 
in 54 pages. Rectal ether, magnesium sulfate, and 
avertin and paraldehyde receive 24 pages and chloro- 
form has a 12 page chapter; on the other hand, all 
caudal anesthesia, both continuous and intermittent, 
is covered in 14 pages. This distribution of text re- 
flects to a great extent the author’s interest and own 
experimental work more than it indicates the fre- 
quency of use of these forms of analgesia or anes- 
thesia in practice. 

Nevertheless, as a source book of fundamental in- 
formation on fetal and neonatal respirations—nor- 
mally and as influenced by drugs—this book has a 
definite place. The author has appended an excel- 
lent summary to each chapter which considerably 
enhances the book’s value. ALLAN C. BARNES. 


URING the recent World War II considerable 
momentum was given to the development of 
civilian blood banks as a measure for national de- 
fense. Prior to this time transfusion services had 
evolved by trial and error methods, the medical liter- 
ature containing the experiences of many individuals 
along these lines. To facilitate expansion of blood 
transfusion facilities during those busy days the of- 
fice of civilian defense authorized the publication of a 
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manual or handbook on organization and operation 
of such a hospital service. Because certain inade- 
quacies were present in this working outline and due 
to the crystallization of further experiences in the 
field, the coauthors (E. L. D. and J. A. B.) collabo- 
rated with a third (R. C. H.) to produce the present 
comprehensive volume Blood Transfusion. They 
have chosen to cover the entire field of blood transfu- 
sion rather than to limit themselves to either whole 
blood or any of its fractions, although obvious em- 
phasis has been given to whole blood. 

The text is written not only for the medical stu- 
dent and physician but also for the laboratory tech- 
nician upon whose shoulders falls a considerable re- 
sponsibility for successful blood bank operation. 
The scope and contents can best be appreciated by 
an outline of the 9 major sections which consists of: 
(1) historical perspective; (2) clinical usage; (3) 
immunology of blood; (4) technical section; (5) trans- 
fusion of whole blood; (6) preparation and adminis- 
tration of plasma; (7) blood derivatives and plasma 
substitutes; (8) operation of hospital blood bank; 
(9) transfusion apparatus. 

While the titles speak for themselves, the techni- 
cal section should be given some special comment. It 
is well organized and sufficiently clear for handy ref- 
erence. In many instances the procedures have been 
illustrated in such a way that the margins of the page 
constitute a series of flow diagrams. The authors 
have added the important factor of visual aid in ob- 
taining clarity of sequence in the laboratory testing. 
This will be appreciated by the technician or house 
officer who is learning the procedure for the first 
time. Each section ends with a liberal though not 
cumbersome bibliography. It is appreciated that 
many hundreds of papers have filtered into the litera- 
ture on various aspects of blood transfusion, some of 
which contain time tested information. These have 
been appended and add to the value of the chapters. 

In criticism one feels that the volume contains 
some degree of repetition. This may be unavoidable 
due to the complete consideration of the various 
blood fractions according to a similar outline of in- 
quiry. This, of course, makes each section suffi- 
ciently complete to obviate the need for further cross 
reference in using the text as a source book. Al- 
though the authors have stated their fear that any 
first edition will usually fail to include some unre- 
corded worth-while information, the book seems to 
be quite complete. In addition, the authors have re- 
ported their own extensive experience in a clear 
manner. The volume should be of definite practical 
value. WALTER W. CARROLL. 


‘te work, Diseases of the Nose and Throat; a 
Textbook for Students and Practitioners? originally 


1BLooD TRANSFUSION. By Elmer L. DeGowin, M.D., Robert 
C. Hardin, M.D., and John B. Alsever, M.D. Philadelphia and 
London: W. B. Saunders Co., 1949. 

2DISEASES OF THE NOSE AND THROAT; A TEXTBOOK FOR 
STUDENTS AND PRACTITIONERS. By Sir St.Clair Thomson, M.D., 
and V. E. Negus, M.S. sth ed. New York: Appleton-Century- 
Crofts, Inc., 1949. 
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published by Britain’s leading rhinolaryngologist in 
1911, was at his request completely revised by Mr. 
Negus in 1937 in order, as Sir St. Clair stated, that 
it “should not fail in modernity.” 

Many of the old figures have been discarded, and 
the new plates, especially color pictures of laryngeal 
and esophageal conditions, are brilliantly accurate. 
The text is carefully subdivided and thoroughly in- 
dexed, and references to authors, especially Ameri- 
can, follow each chapter. 

Mr. Negus has rewritten the chapters on malig- 
nancies of the nasopharynx and larynx, on treatment 
by sulfonamides and penicillin, radiotherapy and 
vitamins, on allergy, and on nasal physiology. Oper- 
ative procedures are detailed in the appropriate sec- 
tions, including peroral endoscopy. A section on in- 
flammatory diseases of the lung has been added, and 
excellent discussion of the diagnosis and manage- 
ment of bronchogenic malignancy is given. 

A formulary based on the British pharmacopeia 
follows the text. This is a complete and thorough 
work of reference for the specialist in rhinology and 
laryngology, and a most valuable aid for beginners in 
this complicated and difficult field; it reflects great 
credit on the present editor, who is an internation- 
ally acknowledged authority. Ratpn A. FENTON. 


T= volume The Venereal Diseases; a Manual for 
Practitioners and Students: is well written, in- 
formative, and is very easily read. Male and female 
gonorrhea with its complications are discussed in 
detail. Sulfonamide therapy is recommended as the 
treatment of choice in gonorrhea. In cases of failure 
of treatment, the administration of another sulfona- 
mide is advised. Local irrigations, in addition, are 
recommended as an adjuvant in treatment. A chap- 
ter on penicillin has been added. 

Nonspecific urethritis, prostatitis, and seminal 
vesiculitis are carefully reviewed. The importance of 
male and female trichomoniasis is pointed out. Mild 
anterior urethral strictures causing urethral dis- 
charge or a “morning drop” are seemingly uncom- 
mon in Britain. The discussion of acute and chronic 
prostatitis and abscess formation is adequate. The 
routine practice of irrigating the urethra before pro- 
static cultures are taken could be deleted. Reiter’s 
syndrome is well presented but consideration of bril- 
liant cures with intravenous arsenicals has been 
omitted. 

The chapter on syphilis is excellent and complete. 
Excellent photographs, some in color, have been 
added. The outlines and suggestions on syphilis 
therapy are sane and practical. The combined peni- 
cillin-arsenic-bismuth therapy is strongly recom- 
mended. 

Chancroids, lymphogranuloma venereum, and 
granuloma inguinale are mentioned. The potential 
value of streptomycin in the treatment of some ven- 
ereal diseases might well have been mentioned. 

1THE VENEREAL DISEASES; A MANUAL FOR PRACTITIONERS AND 


StupENnts. By James Marshall, M.D., B.S., M.P.C.S., L.R.C.P. 
2d ed. London: Macmillan & Co. Ltd., 1948. 
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This volume is a useful reference book in the diag- 
nostic and therapeutic field of venereal diseases. 
With all the recent social legislation, the author 
laments the fact that compulsory premarital exam- 
ination laws have not been enacted in the British 
Isles. LEANDER W. Risa. 


HE latest volume on diabetes, Diabetes and its 

Treatment,? designed to give the general practition- 
eraclinical approach to an understanding of the dis- 
ease and its treatment, is a comprehensive, well written 
work. The general discussions, as might be expected 
from a writer who is one of the foremost clinicians 
especially interested in diabetes, are excellent. This 
is one of the best available books on the subject. A 
particular attempt is made to simplify the funda- 
mental, yet often difficult, problem of diet by pro- 
viding a special section or system of diets, which may 
be obtained separately by the patient. This section 
contains no less than 317 diets and daily menus 
adapted to men and women of varying build, pro- 
viding 25, 27.5, and 30 calories per kilogram daily as 
may be neéded to maintain their optimal weights; 
included also are maintenance diets for children. By 
means of tables the physician can select the diet he 
believes appropriate for the individual patient who, 
given the number of the diet, is able to find it in a 
special book of diets furnished him. This method of 
prescribing diets is practical, efficient, and time- 
saving, and of particular value if the services of a 
dietitian are not available; it obviously requires that 
the doctor and his patients possess the author’s list of 
diets and menus. WALTER H. NADLER. 


N the words of the authors “... the central pur- 
pose of this treatise is to present the pharma- 
codynamic and pharmacotherapeutic actions of 
drugs as they are used in the treatment and cure of 
disease. The principal emphasis of drug action has 
been the clinical application, as the text is intended 
mainly for medical students and the physicians who 
must use and evaluate drugs in the treatment of the 
sick.” Pharmacological Principles of Medical Prac- 
tice’ is a medium sized treatise (963 pages) with 94 
figures and 72 tables, and written to a considerable 
extent in the lecturer’s style. Considerable attention 
is given to the historical evolution of pharmacology 
as a scientific discipline and the book contains 24 
portraits of individuals who have made outstanding 
contributions to pharmacology and therapeutics. 
The general content is essentially similar to that of 
other texts in this field although there is some vari- 
ation from type in the organization of the material. 
The latter is brought up to date by inclusion of the 
many drugs of recent interest. The quality of the 
treatment of subject matter is somewhat uneven, 
being particularly good in the field of the general 
anesthetics and vascular agents, but less so in some 


2DIABETES AND ITs TREATMENT. By Joseph H. Barach, M.D., 
F.A.C.P. New York: Oxford University Press, 1949. 

3PHARMACOLOGIC PRINCIPLES OF MEDICAL PRACTICE. By John 
C. Krantz, Jr., and C. Jelleff Carr. Baltimore: The Williams & 
Wilkins Co., 1949. 
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of the other fields. On the whole it seems well 
suited to the audience to which it is directed. 
Cart A. DRAGSTEDT. 


Alasost a half century has passed since Human 
Embryology and Morphology' first took its place 
among the more pretentious textbooks on human 
development. Revised and somewhat enlarged, 
both in descriptions and illustrations, it now reap- 
pears as a sixth edition under the same authorship 
and finds itself competing with no book of equal age 
and some that comparatively are veritable infants. 

Age, in this instance, does not imply obsolescence. 
This book has always had distinctive qualities that 
endear it to old friends and appeal to new readers who 
are broad in background. Rarely does one encounter 
a text in this or allied fields that makes serious read- 
ing so pleasant and profitable a task. Outside of a 
gifted style in description and exposition, the author 
has become notable for his insistence on interpreting 
the events of development in the light of evolution. 
The continuous correlations with conditions existing 
in lower vertebrates is a delight even when it verges 
on the speculative. It contrasts sharply with some 
modern embryologies that never offer a hint that 
man shares anything developmentally with other 
vertebrates, or even with other mammals, and with 
equal success conceal even those features that are 
peculiarly anthropoid. 

All the praise that is due Sir Arthur does not imply 
that his book is beyond criticism. Early develop- 
ment is slighted in many regards in contrast to the 
plenary treatment of the morphogenesis of particu- 
lar organs, systems, and parts. The illustrations 
continue to be simple pen drawings, printed on un- 
glazed paper. A few are badly drawn and some 
others should be replaced with figures based on more 
typical stages or authentic material, but on the 
whole the illustrations are more effective than their 
unambitious style would lead one to expect. The 
order of treatment is partly regional, partly by 
organ systems, and not at all by germ layers. This 
has both advantages and disadvantages; the clarity 
attained is far better than in some British texts 
which have adhered strictly to a regional treatment. 

Descending to specific details concerning this 
sixth edition, one finds that the number of chapters 
has increased from 30 to 32, the number of figures 
from 535 to 578 and the number of pages from 558 to 
690. The valuable “Notes and References” at the 
end of each chapter have been expanded with cita- 
tions to recent literature and continue to be en- 
livened with personal comment. The author states 
that hardly a page of the text has escaped some de- 
gree of amendment, and in his preface he documents 
some of these alterations. Despite such commend- 
able improvements, this book in its current dress 
will impress old readers as not greatly changed, 
either in plan or in substance. L. B. AREY. 


1HuMAN EMBRYOLOGY AND Morpnorocy. By Sir Arthur 
Keith. 6th rev. enl. ed. Baltimore: The Williams & Wilkins Co., 
1948. 





T= atlas of r91 colored illustrations, The Ciba 
Collection of Medical Illustrations? portrays the 
anatomy and many of the common pathological 
conditions found in the lungs and heart, the gastro- 
intestinal tract, the male reproductive organs, and 
the breast. Accompanying many of the illustrations 
are reproductions of pertinent roentgenograms, and 
on each page a discussion of the anatomy, of the 
pathological changes portrayed, of the course of the 
disease, and brief comments on symptomatology 
and diagnosis accompany the colored illustration. 
The textual material has been prepared by a number 
of distinguished medical men but the text does not 
indicate the specific contribution of each of these 
men. 

This volume will be of particular value to medical 
students in helping them to review anatomical 
studies and to visualize pathological conditions 
which they are meeting for the first time. It should 
be of real assistance to teachers in presenting to 
students accurate and beautiful illustrations of con- 
ditions which the student has not yet had the 
opportunity to see in the laboratory or operating 
room. It can be of great help to the young surgeon 
in refreshing his anatomical knowledge and in en- 
larging his mental concepts of the pathological 
changes that occur in the viscera depicted. 

SuMNER L. Kocu. 


zo HE book Nursing Care of Neurosurgical Patients* 
a composite of lectures by the author, is based 
on years of personal experience in the care of neuro- 
surgical patients. It presents the nursing situations 
particularly concerned with these patients. 

Following a brief review of the essential anatomy, 
the author discusses clinical signs and symptoms 
indicative of intracranial pressure. The treatment— 
both preoperative preparation and postoperative 
care—and rehabilitation programs peculiar to the 
neurosurgical patient are clearly and simply pre- 
sented. Special mention is made of traumatic head 
injuries, spinal cord tumors, neuralgias, and proce- 
dures applicable to neurosurgery, including among 
others smypathectomy, peripheral nerve surgery, 
and spinal puncture. The importance of the ability 
and co-operation of the neurosurgical team in the 
operating room is emphasized as the author describes 
a typical craniotomy. 

Excellent diagrams throughout the book, including 
those of surgical setups and special operative instru- 
ments, help the reader to utilize the text to the 
greatest advantage. Pertinent detailed nursing 
procedures are given in the appendix. The value of 
the book lies not only in its presentation of basic 
nursing principles, but also as a reference in neuro- 
logical surgery. The information in this book should 

*THE CrBpa COLLECTION OF MEDICAL ILLUSTRATIONS; A Com- 
PILATION OF PATHOLOGICAL AND ANATOMICAL PAINTINGS. By 
Frank H. Netter, M.D. Summit, New Jersey: Ciba Pharmaceu- 
tical Products, Inc., 1948. 

3NuRSING CARE OF NEUROSURGICAL PATIENTS. By Roland M. 


Klemme, M.D., F.I.C.S., F.A.C.S. Springfield, Illinois: Charles 
S Thomas, 1949. 




















be invaluable to the nurse caring for neurosurgical 
patients. KaTHERINE T. SMITH. 


si-- eighty-six page monograph Posttraumatic 
Epilepsy! is one of a series of treatises in the 
neurosurgery division of “American Lectures in 
Surgery.” The author needs no introduction to 
neurologists in this country or abroad, and he has in 
this tidy and timely work presented in a simple, 
direct manner pertinent, up to date information con- 
cerning a subject of much importance to many doc- 
tors and patients alike. The book is shorn of all 
unnecessary discussion, and presentation of the 
subject material is in a modest but entirely adequate 
manner. 

The pathogenesis of posttraumatic epilepsy is 
clearly and simply demonstrated, and such practical 
material as the location of the lesion, the extent of 
cortical involvement, and cerebrovascular instabil- 
ity are discussed in their importance to the sympto- 
matology. 

There is an excellent chapter on electroencephalo- 
graphic manifestations of posttraumatic epilepsy, 
and surgical procedures are well covered. Apparent- 
ly the surgical concepts have been written based 
upon the author’s own wide experience. It is reas- 
suring to find that Dr. Walker is conservative in his 
attitude toward cranioplasty and that undue en- 
thusiasm does not get the better of his sound surgical 
judgment. There are many good illustrations. 

The author has stressed the importance of the 
counseling of not only patients but relatives as well 
in the presence of this type of epilepsy, and he points 
out the necessity of overcoming in the patient’s 
mind the false stigmas which are so unwisely at- 
tached in the mind of the laity to the general subject 
of epilepsy. 

This is an excellent book. The author has ac- 
complished in a few pages what previously has, in 
some instances, required large volumes. 

JouN Martin. 


AN excellent book written by the Drs. Boas? for 
study by medical students and general practi- 
tioners. The presentation of the clinical pictures of 
angina pectoris and myocardial infarction is well done. 
The description of the sequence of events which may 
happen to the patient with angina pectoris is par- 
ticularly graphic. The importance of a good history 
correlated with physical examination and laboratory 
procedures is stressed. 

The sections on embryology, anatomy, and elec- 
trocardiography are rather brief. 

The authors have been rather dogmatic about 
some of the controversial points covered, such as the 
value of certain drugs in cardiac therapy and the 
relationship of trauma or strain to coronary throm- 
bosis. Many authorities do not believe that trauma 

1POSTTRAUMATIC EpiLepsy. By A. Earl Walker, M.D. Spring- 
field, Illinois: Charles C Thomas, 1949. 

*CoroNnaRY ARTERY DisEAsE. By Ernst P. Boas, M.D., and 
ago “ag Boas, M.D. Chicago: The Year Book Publishers, 
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or sudden stress are a cause of coronary thrombosis 


as the authors suggest. CHAUNCEY MAHER. 
‘i book Operative Surgery® is a one volume work 

containing detailed descriptions of the majority 
of the standard operations of general surgery. The 
author has attempted to include only material of 
practical value, and no effort has been made to cover 
indications for surgery, preoperative diagnosis, or 
anesthesia. Discussions of surgical pathology, apart 
from descriptions of the gross appearance of abnor- 
mal conditions as seen at the operating table, have 
been omitted purposely. The bulk of the volume is 
devoted to abdominal surgery, but there are also 
chapters on surgery of the skin, mouth, salivary 
glands, neck, chest and mediastinum, genitourinary 
system, blood vessels, bones and joints, and the 
extremities. In addition, chapters on preoperative 
preparation and postoperative care and a general 
chapter on instruments, positioning of patients, 
sutures and knot tying, and other miscellaneous 
topics, have been included. In general, the technical 
aspects of the operations included are covered in 
considerable and adequate detail. The binding, 
typography, and paper are pleasing and the book 
has been kept to the reasonable size, including the 
index, of 698 pages. All the illustrations are new 
and an adequate number have been included. 

The book was written particularly for the younger 
man in surgery and for house officers. As the author 
points out in the preface, while there can be no 
substitute for training and experience, there are 
principles that can be passed along by the mature 
surgeon. The method of presentation is somewhat 
unusual and not displeasing. In each section the 
more important surgical lesions of the organ or ana- 
tomic area being discussed are described briefly. The 
associated conditions that might be encountered are 
listed and the bulk of each section is then devoted to 
detailed descriptions of the operations used to treat 
the condition in question. In each section there is a 
short discussion of the preoperative preparation per- 
taining to the particular organ or operation, and a 
description of pertinent postoperative care is added. 

All references to current periodic literature and 
virtually all other references have been purposely 
omitted, as have critical evaluations of the various 
operations, in most cases. These omissions, along 
with the author’s failure to comment on the hazards 
and pitfalls of the operations in question, as well as a 
seemingly studied effort to exclude controversial 
discussion, leave one with the impression that the 
technical side of general surgery is without problems 
or complications and that the field is almost entirely 
static. In the hands of the less mature surgeon, par- 
ticularly one with limited training whose knowledge 
of surgical literature may be limited, the omissions 
may be serious. However, the author usually indi- 
cates his procedure of choice when several operations 

3OPERATIVE SuRGERY. By Frederick C. Hill, B.A., M.S. 


(Surg.), M.D. Foreword by Charles W. Mayo, B.A., M.S. 
(Surg.), M.D. New York: Oxford University Press, 1949. 
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are listed, so that the reader is not entirely without 
critical guidance. Obviously, also, in the effort to 
cover the field in a single volume, the author was 
forced largely to exclude all ancillary material. 
The value of such books as Operative Surgery can- 
not be questioned. The gap in surgical writing be- 
tween the usual textbook of surgery, designed es- 
sentially for students, and surgical monographs and 
the periodic literature prepared by and for mature 
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surgical specialists, has been great. The usual text- 
book devotes little space to technical considerations, 
while the assumption is generally made in surgical 
monographs that most technical aspects are familiar 
to the reader. Hill’s volume fits well into this gap, 
and, when it is used in conjunction with standard 
texts and surgical journals, should prove of real 
value in supplying part of the essential background 
of a surgeon. B. MARDEN B1ack. 
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